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ABSTRACT

The focus of the workshop was on innovative long wavelength ( A < 17um ) infrared (LWIR)
detectors with the potential of meeting future NASA and DoD long-duration space application
needs. Requirements are for focal plane arrays which operate necr 65K using active refrigeration
with mission lifetimes of five to ten y<ars. The workshop addressed innovanve conceyts, new
material systems, novel device physics, and current progress in relation to benchmark technology.
1t also provided a forum for discussion of performance characterization, producibility, reliability,

" and fundamental limitations of device physics.

The workshop was attended by a broad cross section of industry, government laboratories and
offices, and universities. There were over 170 registered attendees. It covered the status of the
incumbent HgCdTe technology, whic!i shows encouraging progress towards LWIR arrays, and
provided a snapshot of research and development in several new contender technologies. These

‘contenders span quantum well, heterojunctions, and superlattices in colvmn II-VI, IlII-V und iV

semiconductor materials and promise producible LWIR arrays with the réquired performance. The
workshop also included a session on new innovations for high performance thermal detectors.
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SENSOR REQUIREMENTS FOR EARTH
AND PLANETARY OBSERVATIONS

Moustafa T. Chahine

Chief Scientist
< Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA

ABSTRACT

Future generations of Earth and planetary remote sensing
instruments will require extensive developments of new long-wave
and very long-wave infrared detectors. The upcoming NASA Earth
Observing System (EOS) will carry a suite of instruments to
monitor a wide range of atmospheric and surface parameters with
an unprecedented degree of accuracy for a period of 10 to 15
years. These instruments will observe Earth over a wide spectral
range extending from the visible to nearly 17 micrometers with a
moderate to high spectral and spacial resolution. 1In addition to
expected improvements in communication bandwidth and both ground
and on-board computing power, these new sensor systems will need
large two-dimensional detector arrays. Such arrays exist for
visible wavelengths and, to a lesser extent, for short wavelength
infrared systems. The most dramatic need is for new LWIR and
VIWIR detector technologies that are compatible with area array
readout devices and can operate in the temperature range
supported by long life, low powver refrigerators. . A scientific
need for radiometric and calibration accuracies approaching 1%
translates into a requirement for detectors with excellent
linearity, stability and insensitivity to operating conditions
and space radiation. Current examples of the kind of scientific
missions these new thermal IR detectors would enhance in the
future include instruments for Earth science such as AIRS, MODIS,
SAFIRE and OVO. Planetary exploration missions such as Cassini
also provide examples of instrument concepts that could be
enhanced by new IR detector technologies.
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SENSOR REQUIREMENTS FOR
EARTH AND PLANETARY EXPLORATION

Moustaia T. Chahlho

DETECTOR REQUIREMENTS —
(GENERAL REMARKS

¢ PERFORMANCE OF PROPOSED INSTRUMENTS DEPENDS
ALMOST ENT!RELY ON DETECTOR PERFORMANCE

+ INSTRUMENT PERFORMANCE REQUIREMENTS OFTEN
DICTATED BY EXISTING DETECTOR PERFORMANCE DATA

* NASA FUNDING PROCESS ENSURES THAT PROPOSED
DETECTOR PERFORMANCE MUST:
a, EXIST - _
b, BE READILY AVAILABLE, WITH FLIGHT HERITAGE
c. BE BELIEVED TO SATISFY a, AND b, BY THE COMMUNITY

¢ PROPOSED INSTRUMENTS REQUIRING DETECTOR DEVELOPMENT
PROGRAMS FARE POORLY AGAINST THOSE THAT DO NOT

* FOR THESE REASONS, REAL DETECTOR REQUIREMENTS
ARE OFTEN NOT COMMUNICATED TO THOSE ABLE TO
ADDRESS THEM

« THE PRIMARY PURPOSE OF THIS MEETING IS TO ACHIEVE
THIS COMMUNICATION. -

EARTH OBSERVING SYSTEM (EOS) PAYLOAD

Eos-A Eos-B
" [AIRS ey 3-15.4m|  ALT/RA
MSU GGl

CERES/teac) 0.2-100um GLRS

HIRDLS (care  s-1eum|  IPEI

EOSP LIS
GGl MLS
) HIMSS/MIMR/AMSR [SAFIRE 1tsnc) s.a-1255m |
HIRIS SAGE 1Nl
1PE] SCANSCAT/STIKSCAT
(ITIRar os2.11.45,m |  SOLSTICE
ISR SWIRLS(sP1) 7.8.17.2ym
MODIS-Nieseer 3.5,  [TES 2Py 29 17am
MODIS-T/MERIS XIE
MOPITT/TRACER
4 ORIGINAL PAGE IS
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CRAF PAYLOAD

Acronym _____ Investigation PiTeam Leader -

1SS imaging (Facllity) J. Veverka/Cornell

ViMS Visusl/intrared Mapping T. McCord/U of Hawaii

0.35-5.1um Spectrometer (Facility)

TIREX Thermal Infrared F. P.J. Valero/NASA Ames

>3 um Radiometer Experiment —

PEN Penetrator W. Boynton/y of Arizona

COMA Cometary Matier Analyzer J. Kissel/Max Planck Institut

CIDEX . Comet Ice/Dust Experiment G. Carle/NASA Ames

SEMPA Scanning Electron Micro- A. Albee/CIT
scope snd Particle Anatyzer

CODEM Comet Dust Environment W.M. Alexander/Baylor Univ
Monitor

NGIMS Neutral Gas and lon Mass H. Niemann/NASA GSFC

) Spectrometer

CRIMS Comet Retarding lon Mass T. E. Moore/NASA Marshall
Spectrometer

SPICE Suprathermal Plasma Inves- J. L. Burch/SW Research inst.

tigstion of Cometary
Environments

MAG Msagnetometer B. Tsurutani/JPL

CREWE Coordinated Radio, Electrons, . J. D. Scudder/NASA GSFC
and Waves Experiment

RSS Radio Science (Facility) D. K. Yeomans/JPL

CASSINI PAYLOAD

Acronym jnvestigation Wav
CIRS Mid & Far IR Spectrometer 7.5-1000um
{GSFC)
HSP High Speed Photometer 117-180 nra
ISS Solild State Imaging 0.2-1.1um
MSAR Microwave Spectrometer/Radiometer 15-230 GHz
PRWS Placma/Radio Wave Spectrometer 5 Hz - 20 MHz
RADR Radar 14, 30 GHz
RS Radio Sclence ‘ 3.6-13 cm
uvst UV Spectrometer 500-3200 A
ViIMS Visual/intfrared Mapping Spectrometer 0.4-5.2 um
{(JPL) .
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ATMOSPHERIC INFRARED SOUNDER
(AIRS)

[Team Leader: Moustafa Chahine, JPL)

AIRS Atmospheric Infrared Sounder

infrared Band Absorption of
Atmospheric Gases

AIRS is a high sp‘qral.reso'Ution N 40 43 ] ‘l. 33 42489 ’:'T‘ 90 16 17 16941970 7 WA 39 190
soundel-wv‘riﬂg the range between 3 - T .1 T YT ‘l“l,lnvvur

and 17 um with more than 4000 spectral
measurements, having a resolving power
AN = 1/1200. AIRS permits simuitaneous
determination of a l.rge number of
atmospheric and surface parameters
including temperature and humidity
profiles, ocean and land surface
temperature, clouds, O3 CH4, and other
minor gases. This is accomplished in pan
through multispectral, narrow bandpass
channetls which can be selected away from
unwanted absorption lines, while taking
advantage - of the unique spectrai
properties of several regions such as the
high J-lines in the R-branch of the 4.3 um
CO2 band and the clear super-windows
near 3.6 ym.

ORIGINAL PAGE IS
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AIRS

Global Data Set

AIRS (used with AMSU) provides simultaneous determination of a large number of atmospheric and

surface parameters under both day and night conditions:

1.

N e oA o

8
9.

Atmospheric tempetature profiles with an average accuracy of 1°C and in 1 km thick layers.
Relative humidity profiles and total precipitable water vapor

Sea surface temperature.

Land surface iemperature and infrared spectral emissivity.
Fractional cloud cover, cloud infrared emissivity, and cloud-top pressure and temperature.

Total ozone burden of the atmosphere.

Mapping of the distribution of minor atmospheric gases such as methane, carbon monoxide and

nitrous oxide.
Surface albedo.
Snow and ice cover.

10. Outgoing long wave radiation,
11. Precipitation index.

AIRS

Atmospheric Temperature Profile

Atmospheric temperature profies T(p)
will bs decived 'ith an average accuracy of
1°C in 1 kmn thick layers: Clear-column
temperature profiles will be derived in the
presence of multipie cloud layers without
requiring any fieid-of-view (FOV) 10 be
necessarily completely clear.
Observations over adiacent FOVs will be
used 10 Mter out the effects of clouds on all
ehtm;h. fmprovements in the T(p) are a

« AIRS narrow contribution kncions
* Number of available sounding
channets

* Minimizing contamination by O3, -

hoee

*  Simuitaneous determination of the
surface temperature, emissivity and
reflectivity

¢ Use of AMSU lower stmosphere
sounding channels to filter out the
effects of clouds

ARS Typical Sounding Charvwis

23233202 8ame ‘

iiilli‘unn‘

SHZEBAR AN ’
1
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AIRS

Humidity

Humidity profies will be derived from
channels selected in the 6.3 um water
vapor band and the 11 um windows which
are sensitive o water vapor continuum.
The radiance measured in these channeis
depends on atmosphere and surface
temperature and the distribution of
humidity in the atmosphere. The 6.3 pum
channeis are more sensitive to humidity in
the middie and upper troposphere, while
the narrow bandpass channeis in the 11
pm continuum are mure sensitive to
humidity in the lower troposphere.
Determination of surlace temperature and
speciral emissivity is essential for obtaining
accurate low level water vapor distribution.

] A -
120 121600 [>T me [ T] =
Froquncy
TABLE 1
AIRS FUNCTIONAL PARAMETERS
Design ARitude 705 km
¥Oov 1.4
Cross-track Scan Motion 1 40.95°
Infrared
Speciral Coverage 34-170pm
Spectral Resohsion 1200
NEAT 0.2K
Channels 11S (minimum)
3628 Spectral slements
Visible Light
Speciral covetage 04-1.1um
Channel wavelengths
(tentative)} 0.40 - 0.50 prn
0.67 - 0.71 ym
0.70 - 0.80 um
09-1.0um
04-1.0pm
Sensitivity SNR « 100 ot stbedo = 0.4
(deytime only)
Data Encoding 12 bits/sample
Numnber of Samples/Cross-track Scan 9
Mean Dsts Rate 1.8 /s -
Maximum Data Rale 1.8 Mbis
ORIGINAL PAGE IS
8 OF POOR QUALITY
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TABLE 2
OPTICAL SYSTEM PARAMETERS : I

Fov £052° .
Visidie/nesr IR system:
Fore oplics: full eperiure subapeires
Aperture (mm) 10.0 200
EFL (mm) 50 50
Focsl Ratio Fr5 Fr2s
Relay: . i
Magnification 4 1
Final Focal Ratio Fnaz
Oetector Diam. {mm) 0.5
IR systems:
Fore oplics: ’ A aperture subapertures
Aperiure (mm) 121.0x58 55x55(8)
EFL (mm) 800 500
Focal Ratio F14.1 x FRO.9 F/R0.9
Spectrometers: Short-Wave Long-Wave
Aperture (mm) 69.3x 1386 69.3x 1386
Grating incidence Angle 60° ) 60°
Grating Difiraction Angle 9° 0°
Grating Spacing (mm) 0.057 0.127
EFL (mm) 138.8 1388 ;
Focsi Ratio Fr20xF1.0 FrROxXFN0
Pixel size (mm) 0.2x0.1 02x01

Figure 2
SCHEMATIC MULTI-APERTURE SPECTROMETER DIAGRAM

in the multi-aperture specirometer, several sub-apertures (1) in a line across the
telescope aperture are relayed lo the speclromeler slit (5), then dispersed (7) and

ra-imaged onlo a series of linear arrays (9).




—ae
AIRS [NSTRUMENT DIAGRAM WITH X-RAY
VIEW OF THE TWO SPECTROMETERS

| = AIRS DETECTOR TECHNOLOGY
REQUIREMENTS / CHALLENGES

ISSUE

Photon Flux Range

Radiometric
Performance

Wavelength Range

Operating
Temperature

Power Dissipation

REQUIREMENT

107 - 10'2 photons/sec/pix

BLIP at all flux levels,
1% linearity and
calibration accuracy

To 154 um
extendabie to 17 um

Compatibie with long
life coolers, T > 60 K

10 - 50 uW per pixel
with readout

0.1-0.2 W for full focal plane

10

CHALLENGE

Large dynamic range,
low readout noise,
storage and speed

Low noise detectors,
hI?h QE, feedback in
cell, radiation tolerance

Only singlé pixeis
demonstrated in MCT,
linear arrays required

Not demonstrated,
rew options needed

Cooler power limitation
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MODERATE RESOLUTION IMAGING SPECTROMETER
(MODIS-N) ~

{Team Leader: Vince Salomonson, GSFC]

g

MODERATE RESOLUTION IMAGING SPECTROMETER
SCIENCE OBJECTIVES

STUDIES OF SPATIAL AND TEMPORAL VARIABILITY OF OCEANIC
SURFACE PROPERTIES WITH SPECIAL EMPHASIS ON OCEAN PRIMARY
PRODUCTIVITY

STUDIES OF THE SPATIAL AND TEMPORAL VARIABILITY IN LAND
SURFACE PROPERTIES WITH EMPHASIS ON PROBLEMS SUCH AS
DESERTIFICATION, REGIONAL VEGETATION STRESS DUE TO ACID RAIN
OR DROUGHT, AND SUCCESSION OR CHANGE IN VEGETATION SPECIES DUE
TO DEFORESTATION AND ANTHROPOGENIC EFFECTS

STUDIES OF TROPOSPHERIC DYNAMICS, CLIMATOLOGY AND CHEMISTRY
AS OBTAINED THROUGH OBSERVATIONS OF CLOUD CHARACTERISTICS,
AEROSOLS, WATER VAPOR, AND TEMPERATURE (INCLUDING SURFACE

TEMPERATURE)

11




MODERATE RESOLUTION IMAGING SPECTROMETER
INSTRUMENT DESCRIPTION

@ SCANNING IMAGING SPECTROMETER
® PIXEL SIZES OF 214 M, 428 M, AND 856 M
® SWATH WIDTH OF 2300 KM
® SPECTRAL RANGE 0.6-15 MICRONS, 36 BANDS
® 200 KG, 8.3 MBPS, 250 W
I’ .
MCDIS-N |
SPECTRAL CHANNEL CHARACTERISTICS
7
No. A AL IFOV S/N NEDT
CHANONELS (um) {nm) (meters) (AT 70° SZA) (TYPICAL) COFENTS
2 0.6 -09 40 - S0 T 214 100 - 200 EDGE DETECTION
S 0.4-2.1 20 - 50 428 100 - 300 LAND PROCESSES AND
) CLOUD CHARACTERISTICS
7 04-09 10- 1S 856 500 - 900 OCEAN COLOR
2 0.6 - 0.7 10- 15 856 1100 FLUORESCENCE
¢ . 3 0.9 . 1.0 10 - 50 856 60-250 WATER VAPOR
10 3.7-86 S50 - 300 856 0.05K AT 300K ATMOS. PARAMETERS AND
SURFACE TEMPERATURE
7 9.7 -142 300 - S00 856 0.25K AT 250K CLOUD AND SURFACE
— TEMPERATURE
36

12
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MODIS-N
INSTRUMENT SUMMARY

PARAMETERS

DESIGN SPECIFICATIONS
OR EXPECTED PERFORMANCE

PLATFORM ALTITUDE
IFOV (No. OF BANDOS AT [FOV)

SWATH
SPECTRAL DANDS

RADIOMETRIC ACCURACY

QUANTIZATION
POLARIZATION SENSITIVITY )
HOOULATION TRANSFER FUNCTION

S/N PERFORMANCE
(70 degree SOLAR ZENITH/OCEANS)

NEDT PERFORMANCE (THERMAL BANDS)
AT 300 deg K/ WINDOW BANOS

SCAN EFFICIENCY
INTEGRATION TiME

705 km

29 AT 1.2) mrad (856 m)
S AT 0.807 mrad (428 m)
2 AT 0.303 mrad (214 m)}

110 deg/2330 km
36 BANOS TOTAL
(19/0.4-3.0 um;
17/3-19% ym)

S8 ABSOLUTE, ¢ 3 um
IR ABSOLUTE, > 3 pm
2% REFLECTANCE

12 bit

28 MAX, ¢ 2.2 um

0.3 AT NYQUIST
830:1 (443 nm)

745:! (520 nen)
S03:1 (8635 nm)

LESS THAN 0.03

(TO BE DETERMINED)
(TO BE DETERMINED)

SIZE (APPROX) tx16xtm
WEIGHT APPROX 200 kg
POWER 250w

PEAK DATA RATE 1S MBS (DAYTIME)
DUTY CYCLE 100%

MODIS-N
LWIR PARAMETERS

A = A ot - i i s e

NOISE
TYP. TYP. £QUIY,
CENTER DELTA SCENE  SPECTRAL SPECTRAL REQ. NOMINAL
BANO WVLNGTH WVLNGTH TEMP RADIANCE NEDT ' RADIANCE  SIGNAL/NOISE NEP CALCULATED
NUMBER (um) (nm) {X) (* [{.9] ") RATIO (w)ne D=
30 9.73 300 250 3.69 0.5 2.19€-02 168 6.04E-11 4.39€-10
3 $1.03 300 300 $.53 0.05 7.01E-03 1362 3.22€-11 8.22€410
32 12.02 300 300 8.94 0.05 6.06E-03 1473 2.79€-11 9.51€+10
33 13.34 Joo 260 432 0.23 1.03E-02 247 3.038-11 S$.25€+10
34 13.64 .300 250 378 0.2% 1.61€-02 234 4.44€-11t S$.97€¢10
35 13.94 . 300 240 n 0.25 1.41€-02 22! J.09€-11 6.81€+10
36 14.24 300 220 2,00 0.35 1.54€-02 135 425€-11 6.24€+10
NOTE: ® WATTS/(cm2-9r-ym)
THE COLUMNS UP TO REQUIRED SIGNAL-TO-NGISE RATIO ARE SUASSUME.  APERTURE (em) 2
SPECIFICATION YALUES FROM THE SEPT. 19, 1989 F-MUMBER o 200
SPECIFICATION CIRCULATED TO INDUSTAY FOR REVIEW, THE TRANSIHISSION 020
CALCULATED O® VALUES DEPEND ON SYSTEM ASSUMPTIONS AND IFOV = 121£-03
MUST BE ACHIEVED AT FOCAL PLAME TEMPERATURES WARMER DET. SIZE (um) = 4846402
THAN 83K, NOISE W (H2) - 3000

SYSTEM ASSLMPTIONS ANTICIPATE THE USE OF SHORT
LINEAR WHISKBROOM ARRAYS OF LESS THAN 20 DETECTORS
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TROPOSPHERIC EMISSION SPECTROMETER
(TES)

{P.l.: Reinhard Beer, JPL]

TROPOSPHERIC EMISSION SPECTROMETER
SCIENCE OBJECTIVES

® GENERATE VERTICAL CONCENTRATION PRCFILES ON A GLOBAL BASIS ' l

OF THE FOLLOWING SPECIES WITH SUB-SCALE-HEIGHT RESOLUTION AND
- §* LATITUDE SPACING: o

Misc, HO, NO, Hydrocarbons  SQ,. CECs
o} H0 NO CH4 S02 CFaCl
co Hz02 NO: CaHs cns CF2Cl2
(C02) HNOs  CaH:

N20 NH,

TES: SPECIES DETECTABILITY MATRIX

SPECIES

H ClCI|H

clu c N NiMiF|FIN s|cl2]|2]2

oj2{o|n]c N|jojolt1]1lc|n Hin|o

2{o}a ojojol2l3j1l2it 2isisf2}2

YN
LOWER STRATOSPHERE (15-30km) | - \\\ _
~ SRR -

FREE TROPOSPHERE (2- 15km) | - i i

.....

BOUNDARAY LAYER (0-2km)

N
[ Jomasiee

v
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TROPOSPHERIC EMISSION SPECTROMETER
INSTRUMENT DESCRIPTION

HIGH SPECTRAL RESOLUTION INFRARED IMAGING FOURIER TRANSFORM
SPECTROMETER
491 KG, 660 W PEAK POWER

SPECTRAL COVERAGE 600 TO 3200 CM-! (2.9 TO 16.6 MICRONS)

FOUR LINEAR ARRAYS OF 32 DETECTORS, EACH WITH ITS OWN SiGNAL
CHAIN, IN CONJUGATE FOCAL PLANES

ALL DETECTOR ELEMENTS ARE 0.1 MM BY 1.0 MM

DETECTOR FOV 0.75 X 7.5 MRAD. NADIR PIXEL SUBTENDS 0.5 X 5 KM
ON-BOARD SOURCES ARE PROVIDED FOR RADIOMETRIC CALIBRATION
AND DETECTOR ALIGNMENT ’

TROPOSPHERIC EMISSION SPECTROMETER
CONCEPTUAL DESIGN

PAYLOAD ASSENOLY
PLATE INTERFACE 1 Mn1 O m

OPFTICS HOUSING (150 K}
BEAM ]
/ BEAM SPLITTER

9 POMT SUSPENSION
[ woUmT paRTIAL

QLICTROMCS Sy (g
MEFLECTIVE ST
come comen acrumon = B e
p——— e e
e o e eh COOLEN COMPRESIORS
2 AXIS PONTING MWAOR
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TROPOSPHERIC EMISSION SPECTROMETER
FOCAL PLANE ARRAY - TECHNICAL SPECIFICATIONS

MATERIAL: inSb (PV) HgCdTe (PV) HgCdTe (PV) HgCdTe (PC)
WAVEBAND (um) 2.9-5.6 8.3-12.5 5.3-9.1 11.1-16.7
CUT-OFF FREQ (cm-1) 1800-3400 8J0-1200 1100-1900 600-900
QUANTUM EFFICIENCY 0.6 . 0.8 0.6 : 0.8
IMPEDANCE (OHMS) 100 M 10K 100 X 100
BKGRD FLUX DENSITY 2.9E11. 1.3E14- 8.9E12- 1.2E18-

(Ps-tem-1) 2.6E14 3.0E18 1.1E18 3.9E18
D* (cm HzV2 W-1) »7.0E11 >5.0E11 »8.0E11 >2.0E11
ELECTRICAL

BANDWIDTH (kHz) 27 12 14 8.5
OPERATING TEMP (K) 65 65 6Ss 65

THESE DETECTOR REQUIREMENTS ARE COMPATIBLE .
WITH DETECTOR MATERIAL CURRENTLY BEING PRODUCED

TROPOSPHERIC EMISSION SPECTROMETER
PERFORMANCE ESTIMATES

FREQ. RANGE WAVELENGTH NADIR SNR  LIMB SNR
cm! microns (2 sec scan) (8 sec scan)

600 - 900 111 -16.7 500 - 600 200 - 300
800 - 1200 8.3 -125 400 - 500 - 100 - 200
1100 - 1900 . 5.3 - 9.1 100 - 600 490 - 300
1800 - 3450(N, 29-56 30 - 150 na

1800 - 2450(L) 4.1-586 na 20 - 40

16




SPECTROSCOPY OF THE ATMOSPHERE
USING FAR INFRARED EMISSION
(SAFIRE)

[P.l.; Jim Russell, LaRC]

SCIENTIFIC GOAL

- To improve understanding of the middle atmosphere ozone
distribution by conducting and analyzing global-scale measurements
of important chemical, radiative, and dynamical processes, inciuding
coupling among processes and atmospheric regions.

SCIENTIFIC OBJECTIVES

- Study key processes in the Oy, HOy, NOy, CiOy, and BrOy chemical
{amilies .

- Study polar night chemistry
- Conduct non-LTE investigations
- Investigate diurnal change processes (OH, HO2, NO2, N20s, 03)

- Conduct dynamics studies and study coupling between chemistry and
dynamics

- Investigate lower stratosphere phenomena (e.g. polar night O3
depletion)

17
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TROPOSPHERIC EMISSION SPECTROMETER
CONCEPTUAL DESIGN

PAYLOAD ASSEMBLY
PLATE INTERFACE 1.2t 8™

STANDARD
NTEORATED
CONMECTON
3 OFTICS HOUSING (130 1)
’\ < L~ oean mecommmen
N L~ seasu spurTen
/ % 9 POMT SUSPENSION
/ MOUN | (PARNIAL)
p> BaAcinery
ELECTHIOMICS Bav (wamy -
e . mefLECTVE ST
CLBE COMMER lctw/ ) i\mgﬁnmm
LALISRATION SOURCES <y FUER MEEL .
LAsERs 3 ARRY DE1ECTON
CUSE CONMER AERLECTOR —~ : v FLEYIBLE COLO STRAR
SUA TRACKER | AA_—— COOLER COMPRESSONS :
2 AXIS POWTING WIRAOA )
SERVICE ACCESS ! COOLER AECEMERATON
.. DOVE MTIION ASSEMBLY
15 acin
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TROPOSPHERIC EMISSION SPECTROMETER
' FOCAL PLANE ARRAY - TECHNICAL SPECIFICATIONS

MATERIAL:
WAVEBAND (um)
CUT-OFF FREQ (cm-)
QUANTUM EFFICIENCY
IMPEDANCE (OHMS)
BKGRD FLUX DENSITY
(Ps-lem-t)
. D* (cm HzV2 W-t)
ELECTRICAL
BANDWIDTH (kHz)
OPERATING TEMP (K)

InSb (PV)
2.9-5.6
1800-3400
0.6
100 M
2.9E11.
2.6E14
»7.0E11

27
65

HgCdTe (PV)
8.3-12.58
800-1200
0.6
10 K
1.3E14.
3.0E15
>5.0E11

12
65

HgCdTe (PV)
5.3-9.1
1100-1900
0.8
100 K
8.9E12-
1.1E15
»6.0E11

14
65

HgCdTe (PC)
11.1-16.7
6§00-900
0.8
100
1.2E15-
3.9€15
»2,.9E11

8.5
65

THESE DETECTOR REQUIREMENTS ARE COMPATIBLE
WITH DETECTOR MATERIAL CURRENTLY BEING PRODUCED

TROPOSPHERIC EMISSION SPECTROMETER

FREQ. RANGE
cm?

600 - 900
800 - 1200
1100 - 1900

. 1800 - 3450(N)
1800 - 2450(L)

PERFORMANCE ESTIMATES

WAVELENGTH NADIR SNR
(2 sec scan)

microns

111 - 16.7
83 -125
5.3 - 9.1
29-56
4.1 .56

500 - 600
400 - 500
100 - 600
30 - 150
na
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LIMB SNR

(8 sec scan)

200 - 300
100 - 200
40 - 300
na
20 - 40




ORBITAL VOLCANOLOGICAL OBSERVATIONS
(OVO)

[P.l.: Dave Pierl, JPL]

ORBITAL VOLCANOLOGICAL OBSERVATIONS
SCIENCE GOALS

IMPROVED UNDERSTANDING OF ERUPTION MECHANISMS

IMPROVED DETERMINATION OF THE NATURE AND AMOUNT OF VOLCANIC
CONTRIBUTIONS TO THE GLOBAL ENVIRONMENT

IMPROVED UNDERSTANDING OF HOW THE PRODUCTS OF VOLCANIC
ERUPTIONS INTERACT WITH THE ENVIRONMENT TO PRODUCE
SIGNIFICANT GLOBAL CHANGES

ORBITAL VOLCANOLG3ICAL OBSERVATIONS
MEASUREMENT OBJECTIVES

MULTISPECTRAL THERMAL IR MAPPING OF VOLCANIC LITHOLOGIES

BRIGHTNESS TEMPERATURE AND HEAT SOURCE DISTRIBUTION MAPS OF
ACTIVE VOLCANIC FEATURES (E.G. LAVA FLOWS, SUMMIT CRATERS,
LAVA TUBE SYSTEMS, FUMAROLES, HOT WATER LAKES, HOT WATER
OCEANIC PLUMES)

BRIGHTNESS TEMPERATURE MAPS OF ERUPTION COLUMNS AND
DISPERSED VOLCANIC PLUMES

MULTISPECTRAL DETECTION AND MAPPING OF AIRBORNE ASH PLUMES IN
THE PRESENCE OF METEOROLOGICAL CLOUDS

DETERMINATION OF COMPOSITION AND VOLUME OF SUBAERIAL GLOBAL
VOLCANIC GAS BUDGET OVER TIME

20




ORBITAL VOLCANOLOGICAL OBSERVATIONS
DATA PRODUCTS

THERMAL MAPS OF SOLID PRODUCTS OF VOLCANIC ERUPTIONS ON THE
GROUND

MULTISPECTRAL MAPPING IMAGES OF THE SURFACE OF VOLCANOES
2-D THERMAL MAPS OF AIRBORNE PLUMES

3-D THERMAL PROFILES OF ERUPTION PLUMES

ORBITAL VOLCANOLOGICAL OBSERVATIONS
INFRARED DETECTOR REQUIREMENTS

1.0-2.5 pm, 5-10 CHANNELS FOR HIGH TEMPERATURE THERMAL
RADIOMETRY, GAS AND AEROSOL MEASUREMENTS

2.5-5.0 um, 5 CHANNELS FOR LOWER TEMPERATURE RADIOMETRY,
GEOLOGICAL MAPPING, GAS AND AEROSOL MEASUREMENTS

8-12 um, 10+ CHAMNELS FOR MULTISPECTRAL MAPPING, LOWEST
TEMPERATURE THERMAL RADIOMETRY, ATMOSPHERIC MEASUREMENTS
AND CORRECTIONS .

IMAGING CAPABILITY REQUIRED, 2 25 km SWATH, <100 m SPATIAL
SAMPLING

LOW TEMP RADIOMETRY REQUIRES ~0.3K NedT MEASUREMENT
CAPABILITY

MASS CONSIDERATIONS ARGUE FOR DEVELOPMENT OF DETECTORS WITH
REDUCED COOLING REQUIREMENTS

Q)




MULTISPECTRAL THERMAL IMAGER
(MSTI)

[P.L

: Tim Schofieid, JPL)]

MULTISPECTRAL THERMAL IMAGER
SCIENCE OBJECTIVES AND KZY MEASUREMENTS

UNDERSTAND THE INTERPLAY BETWEEN RADIATIVE, DYNAMICAL AND
PHOTOCHEMICAL PROCESSES IN THE ATMOSPHERES OF SATURN, TITAN

AND JUPITER

= OBTAIN MEASUREMENTS OF THE 3-D DISTRIBUTION OF
TEMPERATURE, DYNAMICAL FIELDS, KEY SPECIES CONCENTRATIONS
AND AEROSOL EXTINCTION IN THESE ATMOSPHERES WITH
COMPREHENSIVE COVEHRAGE AND RESOLUTION, BOTH SPATIALLY

AND TEMPORALLY

DEVELOP A DESCRIPTION OF THE PHYSICAL AND COMPOSITIONAL UNITS
OF THE SATELLITES AND RINGS

OBTAIN COMPREHENSIVE MULTISPECTRAL MEASUREMENTS OF
BRIGHTNESS TEMPERATURE AND ALBEDO

MULTI-SPECTRAL THERMAL IMAGER (MSTI)
CONCEPTUAL INSTRUMENT SPECIFICATIONS

INSTRUMENT PARAMETER

YALUE/COMMENTS

INSTRUMENT TYPE
HEASUREMENT TECHNIOUES
SPECTRAL CHANNELS AND RANGE

TELESCOPE APERTURE

NARROW ANGLE FOV

WIDE ANGLE FOV

MtD- IR DETECTOR

FAR-IR ANO SOLAR DETECTOR
DATA RATE

INSTRUMENT DATA BUFFER

SPACENRAFT POINTING
PITCH, ROLL, AND YAW

HASS GOAL
POWER GOAL

MR TI-SPECTRAL THERMAL IMAGER
GAS CORRELATION AND FILTER RADIOMETRY

8 CHANNELS, 8-14 am
7 CHANNELS, 15-100 um
1 CHANMNEL, 0.3-3.0 um

NARROW ANGLE, 16 ¢cm
WIDE ANGLE, 4 ¢cm

ARRAY, 1.15° x 1.18°

ARRAY, 458° x 458 °

64 x 64 PV HQCdTe ARRAY, 70K
64 x 64 BOLOMETER ARRAY, 180K

1.5 kdps, APOCHRONE
3.0 kbps, FAR ENCOUNTER
6.0 kbps, NEAR ENCOUNTER

2 MBytes

CONTROL, 2 mrad

KNOWLEDGE, 1 mrad

STABILITY, 100 urad - 2 seconds
STABILITY, 300 xrad - 30 seconds

23 kg
19 WATTS (AVERAGE)
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MULTI-SPECTRAL THERMAL IMAGER (MSTI)
CHANNEL SPECTRAL CHARACTERISTICS
AND MEASUREMENT FUNCTIONS

1
i

(1). IMAGING IS PERFORMED IN ALL SPECTRAL CHANNELS.,

(2). CHANNELS A1 - A6 PERFORM GAS CORRELATION RADIOMETRY USING BANOPASS FILTERS AND CELLS
CONTAINING THE GAS INDICATED TG OBTAIN HIGH ENERGY GRASP, SPECTRAL DISCRIMINATION,
AND SPECIES SELECTIVITY. CHANNELS A7, A8, AND 81 - B8 BANDPASS FILTERS OMLY.

CHANNEL  BANDPASS BAND
(1) em! CENTER, um CHANNEL TYPE (2) ) MEASUREMENT FUNCTION
FILTER WHEEL A - MID INFRARED, 70 K HgCdTe DETECTOR ARRAY, 64 x 64 PIXELS : |
Al 1240 - 1290 79 0.5 cm CELL, 300 mbar CH 4 ] STRATOSPHERIC TEMPERATURE :
A2 1240 - 1290 79 1.5 cm CELL, 300 mbar CH 4 !
A3 805 - 845 2.1 0.5 cm CELL, 300 mbar CoHg ] ETHANE CONCENTRATION i
A4 805 - 845 121 1.5 cm CELL, 300 mbar CoHg
AS 730 - 7€0 13.4 0.5 cm CELL, 159 mbar CoHo ] ACETYLENE CONCENTRATION
A6 730 - 760 13.4 1.5 cm CELL, 150 mbar CoHp
A7 920 - 1050 10.2 BANDPASS FILTER = PHOSPHINE
A8 1120 - 1180 8.7 BANDPASS FILTER — AMMONIA ICE
FILTER WHEEL B - FAR INFRARED, 180 K BOLOMETRIC DETECTOR ARRAY, 64 x 64 PIXELS
8t $70 - 630 16.7 BANDPASS FILTER
82 470 - 510 20.4 BANDPASS FILTER TROPOSPHERIC TEMPERATURE ,
83 3so - 390 27.0 BANDPASS FILTER - ;
ORTHO-PARA HYDROGEN RATIO |
84 210 - 250 43.5 BANDPASS FILTER AEROSOL DISTRIBUTION
85 170 - 210 52,6 BANDPASS FILTER : *
86 80 - 140 90.1 BANDPASS FILTER , i
87 OPEN - OPEN ] ENERGY BALANCE {
98 3333 - 33333 0.54 LONGWAVE BLOCKER l
i
]

MULTISPECTRAL THERMAL IMAGER (MSTI)
LWIR FOCAL PLANE ARRAY REQUIREMENTS

. D* (cm hzt2 w-1)

GOAL: 22.0E+11 (8um), 22.0E+10 (13.5um), >1.0E+09 (100um)
REQ:  21.0E+11 (8um), >1.0E+10 (13.5um), 21.0E+10 (100um)

e  CURRENT PV-HgCdTe TECHNOLOGY CAN MEET THE D* REQUIREMENTS,

i
BUT CANNOT MEET THE GOALS AT BOTH 8 AND 13.5 um ;
SIMULTANEOUSLY ;
. t

1
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COMPOSITE INFRARED SPECTROMETER
(CIRS)

[P.l.: Virgll Kunde, GSFC]}

COMPOSITE INFRARED SPECTROMETER
SCIENCE OBJECTIVES

DETERMINE THE TROPOSPHERIC AND STRATOSPHERIC TEMPERATURE AND
AEROSOL STRUCTURE OF SATURN AND TITAN

DETE: MINE THE MIXING RATIOS AND SPATIAL DISTRIBUTIONS OF TRACE
GASES IN BOTH ATMOSPHERES

- MANY ORGANIC MOLECULES FOR TITAN
- PH, AND NH, FOR SATURN

CONSTRAIN THE PROPERTIES OF NH, ICE CLOUDS IN SATURN'S
ATMOSPHERE

DETERMINE THE BULK CCLIPOSITION GF SATURN'S ATMOSPHERE

DETERMINE SURFACE TEMPERATURE PROPERTIES OF THE SMALLER ICY
SATELLITES AND THE EMISSIVITY OF THE RINGS
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COMPOSITE INFRARED SPECTROMETER
INSTRUMENT CHARACTERISTICS

DUAL INTERFEROMETER CONFIGURATION SHARING A 50 CM CASSEGRAIN
TELESCOPE : : '

SPECTRAL RANGE 7.5-1000 um
SPECTRAL RESOLUTION 0.25 cm-' UNAPODIZED
INDIVIDUAL DETECTOR FIELD-OF-VIEW .25° (FAR-IR). .0057° (MID-IR)

FAR-IR INTERFEROMETER EMPLOYS A 1x5 ARRAY USING EITHER
THERMOPILES OR PYROELECTRICS

MID-IR INTERFEROMETER EMPLOYS TWO 1 x 43 HgCdTe ARRAYS, COOLED
TO 70-90K

POLARIZING FTS (CIRS)

REFERENCE
DETE'ETOH

[ BEAMSPLITTER/

' POLARIZING
BEAMSPLITTER ¢ COMPENSATOR
‘ MIRROR
. MOTOR MR
i v ARRAY
-— N\ REFERENCE
//\\ \ ReFen
Ue : i/;\ ~
1

o)

L

FROM

J TELESCOPE
FIR
ARRAY
POLARIZER/
ANALYZER
FIR/MIR
DIVIDER

Figure B8 Optical schematic for CIRS.
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COMPOSITE INFRARED SPECTROMETER
FOCAL PLANE PARAMETERS

21 22 -
SPECTRAL RANGE (em-1) 10-700 700-1200  1200-1400
DETECTORS THERMOPILE  HgCdTe HgCdTe

(1x8) (1243) (1243)
PIXEL FOV (mrad) ’ 4.3x12.9 0.1x0.3 0.120.3
PIXEL AQ (cmi-sr) 1.1x10-? 6.1x10-¢ 6.1x10-8
NEP (W Hzr'2) 2x10-11 8x10-14 2x10-14
NESR (W em-2sr-t/cm-1) 7x10-10 5x10- 1x10-9
TEMPERATURE (K) 170 90 90

GENERAL AREAS FOR
EXPERIMENT ENHANCEMENT

* ALL THE PROPOSED EXPERIMENTS WOULD BE ENHANCED
BY ONE OR MORE OF THE FOLLOWING IMPROVEMENTS.

* IMPROVED DETECTOR PERFORMANCE, GIVING:

e SAME INSTRUMENT PERFORMANCE AT HIGHER DETECTOR
TEMPERATURES.

* IMPROVED PERFORMANCE AT THE SAME DETECTOR TEMPERATURE -

* LOWER INSTRUMENT AND DETECTOR OPERATING
TEMPERATURES, GIVING:

¢ IMPROVED PERFORMANCE WITH EXISTING DETECTORS

« IMPROVED DETECTOR PERFORMANCE PLUS LOWER
OPERATING TEMPERATURES ‘

e IMPROVED COOLING IS EXPENSIVE IN MASS AND POWER

e IMPROVED DETECTOR PERFORMANCE IS EXPENSIVE IN
UP FRONT DEVELOPMENT COSTS
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SAFIRE MEASUREMENT OBJECTIVES

Conduct global-scale, simultaneous, vertical profile measurements of
temperature and key Oy, HOy, NOy, ClOy, and BrOy constituents,
- including the following:

03, 050, Of3P); OH, HOp, Hy05, Ha0, HDO, CHy; MOy, HNOg, NyOg; HCI, HOCI; HET and HE

oy HOy Noy  cioy

Conduct measurements (e.g. T, 03, CH4, and H20) that can be used
to derive and study dynamical quantities such as geopotential height,
potential vorticity, winds, and Eliassen Palm flux

Employ a 3 km IFOV in the far IR and 1.5 km in the mid IR

Provide scan mode flexibility to enhance science return

-  Chemistry mode, 10-110 km vertical scan, 1.5 km sampling Interval, 5° of latitude
- Polar chen.lstry mode, 10-106 km, 3 km, 2.5°

- Dynamics mode, 10-100 km, 0.75 km, 1.25°

- Thermospheric mode, 84-180 km, 3 km, 5°

SAFIRE Ekperiment Measurement Objectives

Spectral Range Alt, IFOV2? | Horixonial Temporal Lat Estimated Precisions
Measured? (corl) Runge (km) Resolution? |Resoluti Cov. F—————
(ken) | (sec. ¥ (deg.) L Vertiral
Lat. | Long (1lo) - Range
(deg.) | (deg) (km)
(o] 82-84.4;926- 1141 10- 100 15-3 | 1-8 2 18-72 8~ .86'N} & 10-70
oGP 157- 159 90- 180 3 25-5 36-72 15 110-180
OH 82-84.4;1178-1196 § 20- %0 ] 25-5 -36-T2 7 0-75
1102 93.8-96;111.0-1126 | 20- 75 3 25-5 36 -T2 7 30 - 60
H2072 938-9 20- 50 3 25-5 %-72 T 0 §
H20 157 . 159 10 - 100 3 25-5 36-72 5 20 - 80
HDO 93.8-98 10- 60 3 25-85 36-72 7 20-50
CH4 1335 - 1365 10- 65 15 1-5 . 18-72 7 15 .55
NO2 1560 - 1630 15- 60 15 1-8 18-72 5 20-55
HNO3 850 - 920 10- 45 15 1-§ 18-72 7 15-40
N20s 310-390; 1230- 1260 | 10. 45 15-3] 1-5 18-72 10 20-40
HCl 82-844 10- 65 3 25-5 %6-7T2 5 25.55
HOCH 98.5- 100;117.8-119.6 | 20. 45 3 25-5 36-72 7 35-40
HBr 98.5- 100 15- 40 3 25-5 -T2 10 5.3
HF ‘82~84.4 40- 60 3 25-5 36-T2 15 40-60
Temp. 630 - 670; 580 - 760 10-110 15 1-6 18-72 <0.5K 16-65
Pressure 1630 - 670; 580 - 760 10-110 15 1-5 18-72 <2 16-70
O 82-120 10- 80 3 1.5 3%-72 < 10-65
0xv2) 82844 2050 [ 25-8 10° 2040
Oxviz) | 82844 20-35 255 15* 2030
18000 [8284.4 2040 L 255 Y Y J 15° 2035
28




SAFIRE Experiment Measurement Objectives (Con't)

Parsseeters | Spectral Range Alt. IPOVE | Horisontal Temporal fat Estimated Precisions
Measured! (canl) Range (km) Resolution? | Resolution | Cov.
(km) : (swe. ¥ (deg) % Vertical
Lat. | Long (10 Range
(deg) | (deg) (kom)
Q1%00 82844 205 3 258 -] w12 86"3-%°N| 15° 20-20
17000 1178-1198 2040 15* 2035
01700 82844 2035 L 2030
Hal%0 91.8-96, 117.8-1198 2060 10° 2050
Ha!?0 99.2-101.4,117.8-1198 | 2050 10* 2040
HCN 284 2535 35° 2530
Nz0 1230-1280 2040 15 18 1 ] 15¢ 2035 .

“These are estimaled precisions besed on spectral features and nbsorplion strengths. Retrigval simulations have not been

1Does not include derived quantities such as winds, potentlisl vorticity, and others.
2Vertical resolution is estimated to be 4 km.

3 Latitudinal resolution is determined by vertical profile skew or ground-track motion during the measurement lime.
Longitudinal resolution is determined by the orbital spacing. The horizontal FOV width is = 0.1%,

4Q0beervations are made continuously with a verticsl profile scan time of 72 sec in the chemistry and thermospheric modes,
36 sec in the polar chemistry mode, and 18 sec in the dynamics mode.

SPrecision is the 1o uncertainty determined (rom simulation set of 5 retrievals, ezcept for HDO which is for a single
retreival only. :

SAFIRE INSTRUMENT PARAMETERS

® Mass 304 kg

® Power (watts) ' Average'-304,.Peak--350, Standby--175
® Data Rate 9 mbs (FTS); 9 kbs (Radiometer)

¢ Envelope 1.5m(L) x 1.5m(W) x 1.5m(H)

® Limb View Direction Elevation 14° to 27° depression angle

Azimuth + 10° Forward
- 170° Aft
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SAFIRE MID-IR DETECTOR REQUIREMENTS

omeel | TUEET | nance 09| (€410 am G
1 630-670 7 1.4
2 580-760 28 1.5
3 850-920 7 1.5
4 1335-1365 1 1.4
5 1560-1630 1 1.4
6 926-1141 15 1.6
7 1230-1260 1 1.5

CONFIGURATION: 15 x 7 Array
ELEMENT SIZE: 0.2 x 0.3 mm

SAFIRE FAR-IR REQUIREMENTS

cnmnet | I | eveotons e
1 82-85 8 Ge:Ga 1

2 94-96 8 Ge:Ga 1

3 98-100 8 Ga:Ga 1

4 111-113 8 Ge:Ga 1

5 118-120 8 Ge:Ga 1

6A 157-160 4 Ge:Ga 1

6B 310-390 4 Ge:Be 10

CONFIGURATION (3) 2 x 8 ARRAYS
ELECTRONICS: TIA-JFET 10 kHz BANDWIDTH
BLIP-LIMITED PERFORMANCE (10'® ph/sec-typical)
DETECTORS 7O BE PROVIDED BY FRANCE
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SDIO Long Wavelength Infrared Detector Requirements

Dr. Dwight Duston
Director, Innovative Science and Technology
Strategic Defense Initiative Organization
Washington, DC

The Strategic Defense Initiative Organization has a significant
requirement for infrard sensors for surveillance, tracking and
discrimination of objects in space. Projected SDIO needs cover the range
from short wavelengths out to 30 um. Large arrays are required, and
producibility and cost are major factors. The SDIO is pursuing several
approaches including innovative concepts based on semiconductors and

; superconductors.
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SDIO INFRARED TECHNOLOGY EFFORTS

LT COL HILMER SWENSON
SENSORS AND INTERCEPTORS DIRECTORATE

MARCH 13, 1990

AGENDA (U)

UNCLASSIFIED

* SCOPE OF SDIO IR SENSOR TECHNOLOGY
DEVELOPMENT

* TECHNOLOGY THRUSTS
~— OPTICS TECHNOLOGY
— FOCAL PLANE TECHNOLOGY
— CRYO COOLERS ‘
— SIGNAL PROCESSORS
— INTEGRATED SENSORS
* SUMMARY




i ——

o DEVELOP R TRCHNOLOGY NECESSARY TO SUPPFORT S0t
SURVEILLANCE AND WEAFON SYSTEM SENSORS FOR
PHASE |

* ADVANCE THE STATE OF ART FOR M SENSONS

AGENTS

SAT 9.1 USASOC DONALD FARKER (2051004-3708
SAT 18 AFSTC CAPT MBCHAZL DEVINE (S08)546-8004
SAT 18 AFSTC LT, JEFF BAUINING (305)848-4004

rr——— S ———
| oesastund | I wll L
A A A A A A A
o o o) ressucvn | e Lowamm
ra—_ e rescass romams e seeswcee
- L) e !
nun i
o
CRYOCOOLERS (U)
JNCLASSFIED
HEMBR0308- 10
UNCLASSIFIED UNCLASSIFIED
DRIVERS
HIGH RELIABILITY TURBO-BRAYTON(3-STAGE)
EXTEND ON-ORBIT LIFETIME ROTARY REC:PROCATING REFIGERATOR
(R -3 STAGE)
HIGH EFFICIENCY
2-STAGE LFE TESTING
LOW WEIGHT
DEVELOP THERMAL INTEGRATION
ACCUMULATE OPERATING HISTORY TECHNOLOGIES
(HEAT PIPE, THERMAL SWITCH)
REDUCE COST :
|
UNCLASSIFIED . UNCLASSIFIEC !
NEW TECHNOL.OGY NEEDS '
m COOLING HARDENED FUGHT CONTROL ELECTRONICS f
SORPTION COMPRESSION REDUCED WEIGHT HIGH EFFECTIVENESS
HEAT EXCHANGERS
MIXED GAS QUICK COOLDOWN -7 '
MOOULAR/'SCALEABLE CRYOCOOLERS
PULSE TUBES
SOLID STATE CONCEPTS
ACOUSTIC DRIVERS
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- ““srm;;NG" =2 CCOOLER
g‘ 4
; . MECHANICAL COOLERS
)
2
1 c‘n_voceué’ TACTICAL
i “CUN2 STIRLING
0 . — T T -
10 20 a0 40
COGLINGLOAD (WATTS)
' \}
% CRYOGENIC SYSTEM WEIGHT ”
TEMPERATURE 65-80K NASSFEL

WEIGHT (kg)

COCLINGLOAD (WATTS)
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FOCAL PLANE ARRAY TECHNOLOGY (U)

WCLASSFRD
UNCLASSFED UNCLASSIFIED —
pRIYERS . DAIVING SYSTEM CURRENT APPROACH
« YIELD/ICOST/ KEW,GSTS « MANTECH
PRODUCIBILITY ; « MWIA PILOT UINE DEMO FOR BOOST PHASE
+ RADIATION HARDNESS KEW, 8STS APPLICATION
« OPERATING TEMPERATURE SSTS o HYWAYS .
« HYBRIO PERFORMANCE smr(r} :1‘8 SSTS, oG HyBRI0 DEVELOPMENT FOR 3818, GSTS -
« ADYANCED MYRRID DEVELOPMENT {
oD SSTS, GSTS - PRLOT LINE DEMO !
« CUTOFF WAVELENGTH SSTS, GSTS - :
+ UNIEORMITY SPIRIT W, GS . :
« CROSSTALK mn:i, ss% = LWIR HICdTe FOR KEW & SSTS BACKUP !
GsTS + MARDENED IS¢ TECHNOLOGY
FOR SCANNERS
UNG.ASSFE_O UNCLASSFFD
NEW TECHNOLOGY NEEDS
« INTRINSIC EVENT DISCRIMINATOR . MODULES '-:
* SOLID STATE PHOTOMULTIPLIER + NOISE MODELS FORA HYBRID INTEGRATION §
*Ge CTIA « LARGER SUBSTRATES ;
- GaAs MUX FOR HgCdTe « AUTOMATED TESTING FACILITY '
+ HIGH OPEHATING TEMPERATURE < TRAINING FOR TEST FACILITY PERSONNEL i
OETECTORS < INTEGRATED FOCAL PLANE z
« HIGH TEMPERATURE SUPERCONDUCTORS TECHNOLOGY ,
« STRAINED LAYER SUPERLATTICE !
« VLWIR HgCdTe — HT DETECTORS, SOFRADIR
« LWIR Mg CdTe TECHNOLOGY
« HgCdTe PASSIVATION TECHNOLOGY J

IRFPA DESIGN DRIVERS (U)

UNCLASSIFIED

UNCLASSHED

e LOW TEMPERATURE TARGETS

o LOW BACKGROUNDS

e HIGH TOTAL DOSE ENVIRONMENT

¢ 3 COLORS REQUIRED FOR DISCRIMINATION

e LARGE FOV -~ HIGH SCAN RATES
- SHORT INTEGRATION TIMES
-~ HIGH DATA RATES FOR ANALOG SIGNAL PROCESSOR

e LARGE NUMBERS OF TARGETS/DECOYS
e HIGH THROUGHPUT REQUIREMENTS FOR OBJECT DEPENDENT PROCESSORS
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RELATIVE HARDNESS

UNCLASSIRIED
HOF90603A
D T Y Y T T T T
1
E \ N\
a -
ol NSy
’ 1 1 1 1 h 1 1
) w? 1’ 04 1o 10 107 100
NOAMALITED GAMMA RLUX
MATERIALS/APPLICATIONS MATCH-UPS (U)
. UNCLASSIFIED
WAVELENGTH (xm) .
%3  os 1 2 3 s 7 10 20 2 © 100
Cr oG] T T
FOCAL PLANES S nssh ) C:‘s"':)
[T €= S 2 —— _:v
sz S S As ] TR
fgc':rsrfmss 'LsTs. | $as_ | lss«:]
woost_ | icamsiam | L ]
] D""I°°s'l'°°”
TARGETS :E’Z&?‘_‘T{R_}\ | SPACE VEH |
AC Cm AICICN
TANKS ::TE:-;
Y] B
ATMOSPHERIC os
TRANSMISSION 04
o: <
03 2 x ] 100
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UNCLASINED ’
80% COST REDUCTION DEMONSTRATED
WITH INTERMEDIATE RUN

wr

[] i L 1
BASELINE INTERMEDIATE PRLOT
JANUCARY 1068 JULY 1989 AUG 1990

MANTECH STATUS (V)

CLASSIFED
HBM
« ORIGINAL CONFIGURATION YIELD YIELD GOAL COSTHYBRID COST GOAL
— ROCKWELL (HYBRI0S) 32x8 02 -— $100 K —
— SBRC (DETECTOR ARRAYS) I2x8 0.2 -— 200K -—
+ BASELINE RESULTS
— ROCXWELL (HYBRIDS) I2x64 1.35% 0.4% “ oo?:?ié ) $20/CHANNEL
— SBAC (DETECTOR ARRAYS) 128x128 35% = 04% $15K $20/CHANNEL
(SAMPLE TEST)
+ INTERMEDIATE RESULTS .
~— ROCKWELL ’ I2x84 10.3% 1.5% $8.5K $S5/CHANNEL
« YIELD 2X BASELING ($3.18 ACHIEVED)
— SBRC 120x128 5% 15% $4.6 K $S/CHANNEL
* YIELD/PERFORMANCE PRO- (SAMPLE TRST) ($0.28 PROJECTED
IMPROVEMENTS JECTED WITH SAMPLE

+ CdTe PASSIVATION TesTa)

| # OF PIXELS WORKING MADE UNDER MANTECH = »3M |
| # OF PIXELS REQUIRED BY END OF CONTRACT = ~2M |
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ISSUES REMAINING AFTER
MWIR HgCdTe MANTECH (U)
) . 111008
NEED TO BE'
ISSUE ADDRESSED BY
HARDNESS TECHNOLOGY PROGRAM
MANTECH REVISITED

PRODUCIBILITY OF NUCLEAR HARG ARRAYS

INTERGRATION OF ARRAYS TECHNOLOGY OR PRIMES
+ UNIFORMITY TECHNOLOGY DEVELOPMENT
+ SUSTAINING MARKET PLACE TATICAL? . e

TRUE HANDOFF TO PRODUCTION WITH DPESO/DSTAR

LESS TOUCH LABOR
+ THIRST FOR HIGHER PERFORMANCE AT TECHNOLOGY MATERIALS/

LOWER COST DSTAR LABOR
« RADIOMETRY PERFORMANCE TECHNOLOGY
. READOUTS TECHNOLOGY

«/‘
BENEFITS OF I1BC DCTECTORS (V) ,
UNCLASSIED
20000021V

'RADIATION HARDNESS
RESPONSE LINEARITY
FREQUENCY OF RESPONSE
UNIFORMITY OF RESPONSE

« PREDICTABLE BEHAVIOR

» HIGH RESPONSIVITY

« RELATIVELY HIGH PIXEL YIELD
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IBC FOCAL PLANE DEVELOPMENT (U)

: neseanr¢
w77 [ wre ] voro [10e0 | 1901 [ vona | toes [ 10as T 1008 ] 1005 T 1007 [ 1900 [ 000 { 1000 | 1991 | 1902 {vows |
-ttt PPA I(TEORATION TRCISIOLOSY

preal o 15C TRCHNOLOGY

S
i
@ VLWIR TECHNOLOGY NEARS PILOT PRODUCTION (V)

UNCLASRIMED
FOCAL PLANE
MOOULE ASSEMBLY
", SUPPCRTS SST78 4 GSTS :
100K
&
10K o
= ;': L
1K o
HUGHES PATHS PROGRAM:
100 COST: $1.33/PIXEL
YELD: 27%
10 PATHS DATA HYWAYS
THOUBANDS ESTMATE
! OF PXELS HUNOREDS OF
THOUSANDS OF PIXELS
B
'7'{ k _J " ” k -} ™ k] k _ ] w7 ‘" b _J h ]
l CONCEPT TRCIMOLOGY | TEGHNOLOGY | PROOUCENLITY o7
DUVIL.OPMIINT ORMONSTRATION | TRANSFER [
-y nlﬁn \&w wm&m- 1 rﬂ- a " aﬂl
FRscLE AGOAL PRoCESS To sP8C
COCUMEINTATION p—p——, m
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IR SENSOR COMPONENTS STATUS ON TECHNOLOGY

CYCLE MODEL(V)

TECHNOLOGY
DEVELOPMENT

SUBSTRATES

DEVICE FAR
TESTING WARM
CRYOPROSE

MOOULE ASSY
FPA ASSY

PY HaCdTe

SUBSTRATE FAS
EPt GROWTH
ARRAY FAB

TESTING :
WARM
COLD CRYO PROSE
HYSRO

SUBSTRATE (31
€M GROWTH
DEVICE FA®
TESTING WARM

MODULE ASSY
FPA ASSY

|

PHASE | EEIREDD
PHASE N 550

TECHNOLOGY

[ Tecrao oGY TECHNOLOGY
DEVELOPMENT | DEMONSTRATION TRANSFER

PROOF OF PARIS TO

o
PARTS
10 SPEC
LOW NATE

PLOT J PROCUCIONLITY
srooucTion | seemovemENTs
o D
HAATE

M M H
12158
b4
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IR SENSOR COMPONENTS STATUS ON TECHNOLOGY

CYCLE MODEL(U) \
UNCLASSFED
. L]
Yot -
TECHNOLOGY TECNNOLOGY TECHNOLGGY PROOUCIBIUTY — OT PROOUCIBILITY
. oEvELOrmMeNT | cemossTRATION | TRANSFER svoemerva | prooucion | sewovesewts I
or PARTS TO vemeRD PROCUETION ] S uadn
PANORLE A00AL PROCESS PROCESS TosPEC  , PCOUCTION
DOCUMENTATION PACOUCT "‘:J
SLAa
. PONON netI L, SEER, PATH . . —_ Yo
EP1 GROWTH - et R " " IpAX SENSITITY
ARRAY FAS -y 2
NYSADZATION 1 - L %
TESTMG : wARM |y I I l

SUSSTRATES =_—L1 Smaing
. TOW Noret

€M GROWTH e+ et " o i

DEVICE FAS —sss

TESTNG WAMM =2 i | |

CRYOPRO®E TR
ASSEMALY | seempamis I

MOOULE ASSY o)

FPA ASSY ——

AOA
LTI MEMARING HYWAYS EFFORT
FUTURE PLANS (U)
' UNCLASSIFIED
e00821¢

*NEAR TERM
HYWAYS - ADVANCED HYBRIDS FOR ENHANCED RADIATION TOLERANCE,
HIGHER SENSITIVITY, LOWER NOISE
HYWAYS - ENHANCED PRODUCTION RATES
DECISION ON CONTINUATION OF Si:Ga

+MID-TERM
IED PERFORMANCE IMPROVEMENTS
EXTENDED WAVELENGTH RESPONSE
- MICROLENSES
APPLICATION OF IBC TECHNOLOGY TO INTERCEPTOR REQUIREMENTS
HIGHER OPERATING TEMPERATURE

«FAR TERM ’
EXPLORE IBC CONCEPT IN OTHER MATERIALS AND DEVICES !
ADORESS IED/SSPM PRODUCIBILITY

ORIGINAL PAGE IS
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CONCLUSION

e, ] )

TECHNOLOGY PROGRAMS ARE PLANNED TO ENCOMPASS
SYSTEM NEEDS FOR DETECTOR/READOUT PERFORMANCE
AMD AVAILABILITY

TECHNOLOGY PROGRAMS OR SYSTEM PROGRAMS MUST
ADDRESS FPA INTEGRATION ISSUES

HARDNESS IS THE LAGGING TECHNOLOGY
HARDNESS IS SUFFICIENT FOR SPACE DEMO PROGRAM
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LWIR Detector Requirements for Low-Background Space Applications

Frank J. De Luccia
The Aerospace Corporation
P.O Box 92957
Los Angeles, CA 90009

Detection of "cold” bodies (200 - 300 K) against space backgrounds
has many important applications, both military and non-military. The
detector performance and design characteristics required to support low-
background applications are discussed, with particular emphasis on those
characteristics required for space surveillance. The status of existing
detector technologies under active development for these applications is
also discussed. In order to play a role in future systems, new, potentially
competing detector technologies such as multiple quantum well detectors
must not only meet system-derived requirements, but also offer distinct
performance or other advantages over these incumbent technologies.
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LWIR DETECTOR REQUIREMENTS
FOR LOW-BACKGROUND SPACE APPLICATIONS

-FRANK J. DE LUCCIA
THE AEROSPACE CORPORATION

TOPICS

= APPLICATIONS OVERVIEW

- OBJECTS OF NTEREST

- BACKGROUNDS

= RADIATION ENVIRONMENT
- SENSORS

s DETECTOR REQUIREMENTS

= APPLICABLE DETECTOR TECHNOLOGIES

- STATE OF THE ART
= TECHNOLOGY DEVELOPMENT DIRECTIONS

= REQUIREMENTS FOR NEW, COMPETING DETECTOR
TECHNOLOGIES
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LOW-BACKGROUND LWIR APPLICATIONS

& STRATEGIC DEFENSE
= SURVELLANCE, ACQUSITION, TRACKING,
DISCRMINATION, AND KLL. ASSESSMENT (BATKA")
= WEAPON SYSTEM SUPPORT (FIRE CONTROL, HOMING, ETC.)

s OTHER MLITARY APPLICATIONS |
= RESDENT SPACE OB.ECT SURVELLANCE
= DETECTION OF NEWLY LAUNCHED CBECTS
= TREATY MONTORNG

= NON-MLITARY APPLICATIONS
= INFRARED ASTRONOMY
= NEAR-EARTH PHENOMENOLOGY
= SPACE “JUNK" DETECTION AND TRACKING

TARGET /SENSOR/EARTH GEOMETRY

<CAD CROSS-SCAN FOV
BC MINIMUM TANGENT
HEIGHT

A
SENSOR
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SPECTRAL RADIANCE

OBJECTS OF INTEREST

= EMISSIVITY-AREA PRODUCTS:

0.1-10M2

s TEMPERATURE
200 - 300 K
= RANGES:

1000 - 8000 KM

BLACKBOOY EMISSION

3.08.18
2.8816 -
2.00016
2.48:18 -
2.2.16
2.0816 -
1.88:16
1.0818
1.48018 -
1.8 -
1.08e16 -
8.08e18 -
§.0E+18 -
4.08018 |
2.08018 ~
0.0800

TN g et st o428 o i
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s §# % % 8 %8 %2 3338

OF TOTAL

PERCENTAGE OF TOTAL RADIANCE EMTTED

AT SHORTER WAVELENGTHS
1=
S A

s SPACE BACKGROUNDS

- EARTH LMB (ELR)

= ZODIACAL
~ CELESTIAL

IR BACKGROUNDS

= NON-REJECTED EARTH RADIANCE ™RER")
= ENHANCED (NATURAL AND NUCLEAR)

Co- ® FOR TANGENT HEIGHTS » 100 KM AMND REALISTIC ASSUMPTIONS

—_— ABOUT THE LEVEL OF LIKELY OPTICS CONTAMINATION, NRER
WLL BE THE DOMINANT NON-ENHANCED BACKGROUND FOR
NEAR-EARTH LINES OF SIGHT
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RADIANCE (W/CM~2-~-3R)

RADIANCE, Watts cm2 ster”

BACKGROUND RADIANCE VS TANGENT HEIGHT

17=26 UM BAND
1E~07
1£-06
1E-09 ~
1E-10 =~
{E=11
1E-12 T
1E-13 T . 7 .. T T T T T T
100 300 500 700 900 1100 1300 1500 1700
TANGENT HEIGHT (KM)
G NRER ¢ ELR
Zodiacal Radiance, 17-24 um Band
T T T T !
108 - .
L - = = 1977 MODEL .
e 1983 MODEL
\Y
0! -
s
o
4
25
0oL
0

ELONGATION, deg

50




RADIATION ENVIRONMENT

8 NATURAL ENVIRONMENT
= WORST CASE DOSE RATE AT FPA, ASSUMNG 0.5 INCH
ALUMINUM SHELDNG:
0.02 RAIXSI/SEC (5 x 107 GAMMAS/CM-8EC)
- WORST CASE TOTAL DOSE AFTER 6 YEARS ON ORBIT:
3 10° RAD(S)
s ENHANCED NUCLEAR ENVIRONMENT
= TRANSENT DOSE RATE DUE TO NUCLEAR DETONATIONS
CAN BE ORDERS OF MAGNITUDE HGHER ‘
- SUSTANED DOGE RATE DUE TO SATURATED BELT
CONDITION CAN BE 1 RAD(S)/SEC, WORST CASE

- WORST CASE TOTAL DOSE DUE TO SATURATED BELTS:
» 107 ACCUMULATED OVER 10-300 DAYS

EARTH’S VAN ALLEN BELTS VERSUS ALTITUDE

AT 00
VNN NATURAL VAN ALLEN DELTS
W NN (MEASURED)
E_ Al N © === STARFISH TRAPPED FISSION BELTS
: NN N (MEASURED)
| AN soseenes SATUNATED TRAPPED FISSION BELTS
b - }l /‘\:.\ SO \\ (TIIEONETICAL)
= 104 |- .
B Fi~y N\ :\. ~
al% 1/ AN NS .
Qe RN
e | ~. e GMicm?
E 103 4 \‘. -.-....‘
' £ \\3 GMicm?
(2] \
8 b
102 AN\
! Giem?
101 '

ALTITUDE (1,000 nmi)

| 1 | 1 | 1 ! | | ]
§ 10 15 20 25 30 kN 40 45
ALTITUDE (1,000 km)
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SENSOR SYSTEM OPERATION

DETECTOR

ARRAY AMPS
BA,FF"ES = || ELECTRICAL
— OUTPUT
INPUT ® BAFFLES REJECT OFF-AXIS RADIATION
RADIANT [~ —7\_ * OPTICS FOCUS
ENERGY [ TARGET AND BACKGROUND ENERGY
BAFFLES [ S™== ¢ GIMBAL SCANS
—— SCENE ACROSS
DETECTORS
(<] \TELESCOPE e DETECTORS CONVERT
0PTICS PHOTON SCENE TO

GIMBAL ELECTRICAL SIGNAL

SCAN OF

OBJECT SPACE

SAMPLE FPA DESIGN CONFIGURATION
THREE TDI STAGES, TWO STAGGERED SUBARRAYS

SCAN SRECTION

tr —>

com KA br
- K= ot
—— R
" In
| 7 v -44-- 1
] ( + LR CRCLE
AN -1
2 ™
-3
-
) 1 ) -
R0t
' "o !
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SIGNAL PROCESSING CHAIN
« Detectar Bias/ Photocurrent Integration
o Charge~to~Voltage Conversion/ Fuffer Amplifier
+ First Stage ultiplexing |
» Analog-to-Digital Conversion
o Gain & Offset Correction
o T0I |
o BG Subtraction/ Clutter Suppression
o Matched Filtering/ Centroiding/ Track Formation ...

FPA Requirements Flowdown

53

ORIGINAL PAGE IS
OF POOR QUALITY

8




NET

15.8%
(W/SR) 12.59
10.00

4

—1

-t

SENSOR PERFORMANCE LIMITED BY NOISE

a DETECTOR NORSE
- OMYSM!YM

= READOUT NOISE
- DEPENDS STRONGLY ON COUPLING CIRCUTT DESIGN
AND DEVICE CHARACTENBTICS

s R BACKGROUND NOSE

- RANDOM FLUCTUATIONS OF IN-FOV SOURCES
O ANOAEINTAL LT ON SENSOR FERPORMNCE OLE TO
MASR VRWINE NEAR EARTH, ZOOACAL MACNECE
VIEWRNS AWAY PROM EARTH
~ SPATIAL STRUCTURE (CLUTTER)
~ OPTICS THERMAL EMSSION
© CANBE NEORNED NESLGLE BY COOLMS

NUISE*EDUiVALENT TARGET VS DETECTOR D=

RANGE = 5000 KM
ATHE = § DEG.
BAND = 17-28 UM

25 CM APERTURE

7.94
a3
5.01
398
3.18
28y Tt
2.00

READOUT NOISE = 100 EL

BKGD NOISE = 50 8.

1.58
1.26
1.00
0.79

0.63
T1: SMALL, WARW

-

) I

BXGD NOISE = 30 EL.

BKGD NOISE = 20 EL.

0.5 T2: SMALL, COLD

0.40 ~A——y—r—TTToYTrTTrTTrTTTT T
1.0€+413 2.5+13 6.3E413 1.6E+14 4.0E+14

DETECTOR De
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NOISE-EQUIVALENT TARGET VS DET. O#

NET 31.82 :
(W/SR) 2512 33 RANGE =« 5000 KM
S CM APERTURE ATHE = 5 DEG.
19.95 BAND = 8-10 UM
15.85 - READOUT NOISE = 100 EL
1250 -
10.00 -
7.94 -
631 -
501 o
3.98 ‘
346 - BKGD NOISE = 40 EL.
2.51 7‘ n
2.00 -
1.58 - BKGD NOISE = 30 EL.
1.26
1.00 < Ti: SMALL, WARM
0.79 - T2: SMALL, COLD (0.43 W/SR) BKGD NOISE = 20 EL.
T3: MEDIUM, WARM
0'63 1 T 1 LI 1 1 T T T | SE T R § | D R 1 T ¥ 1
2.0E+12 S.0E+12 1.3E+13 3.26+13 7.9E+13 2.0E+14
DETECTOR De

KEY DETECTOR REQUIREMENTS FOR LOW-BACKGROUND
SPACE APPLICATIONS

® SPECTRAL COVERAGE
SGNFCANT BROAD-BAND RESPONSE WITHN 6-30 UM REGION.E. G.,
QUANTUM EPFICEENCY » 40% OVER A § UM SUB-BAND
® SENSITVITY:
Do+ 1E14 CM-HZ /W AT 20 UM
De+ BE1S CM-HZ /W AT 10 UM

2 FREQUENCY RESPONSE:
er‘lommlm

® DYNAMIC RANGE:
LINEAR RESPONGE FROM NOISE LEVEL TO 1E4 TMES THE NOIBE LEVEL
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KEY DETECTOR REQUIREMENTS FOR LOW-BACKGROUND
SPACE APPLICA IONS (CONT.)

® POWER DIBSPATION
POWER DIBSIPATED ON FPA « 10 UW/DETECTOR
® RADIATION HARDNESS:

TOTAL DOBE HARDNESS » 1E8 RAD®SY
EFFECTIVE GAMMA AREA « 1E-8 CM (100 UM DET.)

s PIXEL SZE:
50-180 UM (SQUARE)
8 CONFIGURATION

TWO-DMENSIONAL MOSAIC ARRAYS E.G., 10-20 X 50 DETECTONS PER

o
APPLICABLE TECHNOLOGES
a8 DETECTORS
SPECTRAL OPERATNG
| cuToFF M TEMPERATURE )

StAs BC 2 12

StGe BC 7 i

PV HgCdTe 10 40
= READOUTS

= MATERALS: SLICON, GERMANUM, GeAs

- VERY LOW NOISE, RADIATION HARD DEVICES ARE UNDER
DEVELOPMENT

56
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TECHNOLOGY ASSESSMENT

8 StAs BC ,
~ MEETS PERFORMANCE REQURBMINTS »
= LOW OPERATING TEMPERATURE RECLIRIE ADVANCED $-STAGE CRYOCOOLENE
SPACE-BASID SYSTIMG _
= FRODUCEILITY DEMOMSTRATION PLANNR)

s SiGa BC
= AEQURES DEVELOPMENT _
~ CPERATING TEMPERATURE NOT HIBH BNOUGH TO ALLEVIA TI GRYOCOCLER PRORLIM
(3 STAGES STLL REGUINED) ‘
a LWR PV KHgCdTe
~ POMDUAL DETECTORS WITHIN ARRAYS MEIT REQUAIM ENTS
= CPERATING TEMPERATURE COLLD BE SUPPORTED BY A 3- STAGE COOLIR
= SEVERE NON-UNPORMTY PRORLEM
= UNBUITASLE POR SOME STRATEGIC DEPENBE SURVELLNA NCE MBSIONS

O TRACKING OCLD TARBETS
o CRCRMATION

TECHNOLOGY DEVELOPMENT DIRECTIONS

® GREATER SENSITVITY
= ULTRA-LOW NOBE READOUTS
= MPROVED FoA UNFORMTY OF HgC<Te DETECTORS

B GREATER TOTAL DOSE HARDNESS
~ ULTRA-RAD HARD READOUTS
= IMPROVED HARDNESS OF HgCdTe DETECTORS

8 GREATER OPERABLITY N GAMMA ENVIRONMENTS
= DEVELOPMENT OF INTRINSIC EVENT DISCAIMINATION' (D) CONCEPTS

® GREATER PRODUCBLITY
= PLOT LINE DEMONSTRATION FOR StAs BC HYBRDS 18 FLANNED
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REQUIREMENTS FOR NEW, COMPETING TECHNOLOGIES

ASBUMPTION: NEW TECHNOLOGY HAS PERPORMANCE EQUIVALENT TO OR SUPENOR TO
THAT OF THE NCUMBENT TECHNOLOGY WITH WHICH T COMPETES

OPERATING TEPERATURE
. 2B K ) 28K
SPECTRAL BAND
8-NuM ~ « R
N=10 | NoT COMPETITIVE WITH ETHER | COMPETITVE WITH HgOTa,
HgOTe O Stha. SRPECULLY FF HARDER OR
ity
o I g ]
COMPETITIVE WITH StAa,
N=25 | ESPECIALLY F OPERABLITY NA mnmgm—m
GAMMA ENVIGNMENT 18 ONLY A 3-87
SUPENOR. REQURED.
< I » RN
Ne30 | COUDDBRACE StAe N COULD DISPLACE BtAs.
APPLICATIONS REQUANG ADOTIONAL SPECTRAL
VENY COLD BODY DETECTION. | COVERAGE MAY BE USEFL..

Bl -vmzonvouvury B -vceurevriry BN - oneat oLy
R (<] ]

SUMMARY

® DETECTOR SENSITIVITY REQUIREMENTS FOR LOW BACKGROUND SPACE
APPLICATIONS ARE STRINGENT AND ARE DRIVEN BY:

= STREBSING MSSIONS, £.G., DM TARGETS, LONG RANGES
= LOW BACKGROUND NOISE LIMT
= AVALABLITY OF LOW NCISE READOUTS

s DETECTOR RADIATION HARDNESS REQUIREMENTS ARE ALSO STRINGENT:

~ SPACE BASING MAKES HGH TOTAL DOSE MANDNESS ESSENTAL
= STRATEGIC DEFENSE SURVIVAL AND CPERABLITY RECUREMENTS ARE EXTREVELY
STREBSNG

8 NEW TECHNOLOGES SUCH AS MQW DETECTORS CAN COMPETE WITH THE
EETTER DEVELOFED EX3STING TECHNOLOGES ONLY F THEY:

= MEET PERFORMANCE REQUREMENTS
= OFFER A SUBSTANTIAL ADVANTAGE OVER AN EUSTING TECHMOLOGY

] mpmmmbanmmmm

O HGHMER PERFORMANCE OR PRODUCBILITY THAN MoCdTe WITH
COMPARABLE SPECTRAL COVERAGE AT A COMPARASLE CPERATING
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SESSION II: Benchmark Techmology btatus

II-1 Status of LWIR HgCdTe Infrared Detector Technology
M B. Reine, Loral Infrared & Imaging Systems

o-2 LWIRHngTe-IhnavaﬁveDemcminanlncumbcntTechnology
W.E. Tennant, Rockwell International Science Center

II-3 HgCdTe for NASA Eos Missions and Detector Uniformity Benchmarks
PR. Norton, Santa Barbara Research Center
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sutuoommaugcmlmocwnchmlogy
M.B. Reine

Loral Infrared & imaging Systems
Two Forbes Road

Lexington, Massachusetts 02173-7393

Since its first synthesis in 1959, the HgCdTe semiconductor alloy system has
proven to be a remarkably versatile intrinsic infrared detector material. A wide vari-
ety of high performance HgCdTe infrared detectors have been demonstrated and de-
veloped, including photoconductors, homojunction and heterojunction photodindes,
and metal-insulator-semiconductor photovoltaic devices. Controlled variations in
HgCdTe alloy composition have enabled cutoff wavelengths to be tailored over the 2-

26 pm wavelength region.

The success that HgCdTe has achieved is rooted in a unique set of semiconduc-
tor properties that make it a nearly ideal infrared detector material. Its large optical
absorption coefficient enables (internal) quantum efficiencies approaching 100% to
be achieved in devices that are 12-15 um thick. Long carrier lifetimes allow the high-
est operating temperatures for achieving a given detectivity at a given cutoff wave-

length.

This paper will review the status of LWIR HgCdTe detector technology for
wavelengths between 8 and 17 um, for application in NASA and DoD focal plane ar-
rays (FPAs) operating at temperatures near 65 K with mission lifetimes of 5 to 10
years.

_ .Linear arrays of L\VIR 1gCdTe photoconductors have been in producticn for
the past ten years for DoD applications such as scanning thermal imaging systems and
missile seekers. These arrays contain as many as 180 elements, operate at 77 K and
cover the 8 to 12 um waveiength region, which corresponds to a Hg, ,Cd, Te alloy com-
position of x=0.21. These arrays are usually fabricated from bulk-grown n-type
HgCdTe crystals having donor concentrations of 2-5 E14 cm-3. Detector sensitivity is
typically background limited, with detectivities of 0.6-1.5E11 cm-Hz!?2/W. Device re-
sistances are typically 40 ohms per square at 77 K, with dc power dissipations of 0.1-
0.5 mW. The total U.3. industry capacity for these units is about 2500-3C00 deliveries
per month.

LWIR HgCdTe photoconductors represent a mature established technology
that will continue to play an important role in NASA and DoD applications that re-
quire relatively small numbers of elements (less than several hundred) which do not
require a multiplexer on the focal plane. For example, Loral provided a large-area
HgCdTe phctoconductor with a detectivity of 3E10 cm-Hz!2/W at 16 um for the
ATMOS interferometer.

Advanced DoD and NASA applications require orders of magnitude more de-
tectors in a focal plane array. For these applications, HgCdTe photovoltaic (PV) de-
vices are the detectors of choice because their higher impedance enables them to
match into low-noise silicon CMOS input amplifiers. NxM arrays of HgCdTe photovol-
taic detectors on IR-transparent substrates are bump interconnected to matching
NxM arrays of input circuits on silicon CMOS multiplexer chips to form large focal

61
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plane arrays. LWIR FPAs for ocanning applications are typically 128 to 256 eleme.its
long, with 4, 8 or 16 elements in the scan direction for signal-to-noise enhancement,
and have pixel sizes on the order of 50 um x 50 um. LWIR staring FPAs typically have
64x64 or 128x128 formats, with unit cells usually less than 50 um x 50um.

These advanced LWIR FPAs place stringent performance requirements on the
HgCdTe photovoltaic detector arrays in terms of zero-bias impedance, reverse-bias
impedance and leakage current, quantum efficiency, fiil factor, crosstalk, 1/f noise,
uniformity of response and reliability. .

Initial LWIR HgCdTe photovoltaic detectors were planar n-on-p devices made
by mercury-diffusion and ion implantation. More recently, substantial improvements
in device performance have been achieved with the use of a double-layer P-on-n LPE
heterojunction photodiodes grown onto CdTe substrates. These LPE heterojunctions
have demonstrated performance which approaches the theoretical limit set by n-side
diffusion current at temperatures of 80 to 70 K over the 10-19 um range.

Major improvements have been made over the years in HgCdTe materials tech-
nology. At Loral, uniformity of alloy composition in both bulk-grown and LPE
HgCdTe is such that variations in detector cutoff wavelength are less than +1% over
the 2-12 ym range.

In this paper, the performance requirements that ~oday’s advanced LWIR focal
plane arrays place on the HgCdTe photovoltaic detector array will be summarized.
The theoretical performance limits for intrinsic LWIR HgCdTe detectors will be re-
viewed as functions of cutoff wavelength and operating temperature. The status of
LWIR HgCdTe photovoltaic detectors will be reviewed and compared to the FPA re-
quirements and to the theoretical limits. Emphasis will be placed on recent data for
two-layer EgCdTe LPE heterojunction photodiodes grown at Loral with cutoff wave-
lengths ranging between 10 and 19 um at temperatures of 70 - 80 K. Development
trends in LWIR HgCdTe detector technology will be outlined, and conclusions will be
drawn about the ability for photovoltaic HgCdTe detector arrays to satisfy a2 wide va-
riety of advanced focal plane array applications.
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Status of LWIR HgCdTe Infrared Detector Technology

M.B. Reine

Loral Infrared & Imaging Systems
Lexington, Massachusetts 02173-7393

Innovative Long Wavelength Infrared Detector

Workshop
April 24 - 26, 1990

Jet Propuision Laboratory
California Institute of Technology
Pasadena, Callfornia 91109

Status of LWIR HgCdTe Detector Technology

EMPHASIS

¢ Wavelength: 10 to 17 um
e Operating temperature: 60 K to 65 K

¢ Future NASA and DoD long-duration space applications
TOPICS: '

1. HgCdTe material properties for infrared detectors
¢ Uniformity of Hg,.Cd,Te alloy composition

2. Theoreticai limits to HgCdTe detector performance and operating

temperature
¢ Thermal g-r noise
* Background g-r noise

3. Detector requirements for advanced focal plane arrays

4. Status of HgCdTe infrared detectors:
¢ Photoconductors
* Photodiodes

5. Development trends in HgCdTe materials and devices
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LEWIAL. Success of HgCdTe as an Infrared Detector

M Material Is Due to its Energy Band Structure

e Adjustabie energy band gap covers the 1-25 xm IR region

¢ Direct interbend transitions give quantum efficiencies approaching 100% for
15 um thick devices

) lmumkncoﬂﬂmﬂonmmnaglwbngmmmdh&h )
operating tempersatures

Tyt
[
“-
:
§
Y L)
! °r,

The Hg,.Cd,Te Semiconductor Alloy System
Possesses Many Desirable Properties for
an Infrared Detector Material

Continuously adjustable energy gap from -0.3 eV to 1.6 eV
Large absorption coefficient for high quantum efficiency
Small lattice mismatch: 0.3% between HgTe and CdTe

Amphoteric (can be made n-type or p-type):
- Foreign atom donors and acceptors
- Native defect acceptors

Large electron-to-hola mobility ratio (400 for x=0.2 at 77K)
Electrical purity 'evels of less than 1E14 cm?

Surfaces are coinpatible with many passivation approaches:
- ZnS, Si0

- Native (aznodic) oxide, sulphide or fluoride
- Wide-gap HgCdTe

2



CUTOFF WAVELENGTH (um)

. The Hg,.Cd,Te Semiconductor Alloy System
It & g Sy Possesses Many Desirable Properties for an
Infrared Detector Material (continued)

¢ Long minority carrier lifetimes:

- p-type: Shockley-Read, Auger 7
- n-type: Auger 1, Shockiey-Read

- Good match to silicon

¢ Favorable thermal expansion coefficient:

- Excellent match to GaAs, sapphire
¢ Low dielectric constant for low junction capacitance
¢ Compatible with many advanced crystal growth tochnlquoo

- Bulk: Honeywell’s DME; THM

- LPE: from Hg-rich and Te-rich solutions

- VPE: MOCVD, MBE

Detector Cutoff Wavelength for
Hg,.Cd,Te Devices

65
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LORAL Today's Hg,.Cd,Te has Excellent Uniormity
of Alloy Composition

HgCdTe Device Technology

PHOTOCONDUCTORS

* n-type and p-type
¢ Signal PRocessing In The Element (SPRITE)
* Photo~JFET structures with gain enhancement

PHOTODIODES
* Homojunctions: n-on-p and p-on-n
¢ Heterojunctions: N-on-p and P-on-n
e Avalanche photodiode for 1.3 t0 1.6 um
PHOTOCAPACITORS
¢ n-channel and p-channel Charge Coupled Devices
¢ Charge Imaging Matrix
OTHER
s n-channe! Insulated-Gate Field Effect Transistors
¢ Spin-fip Raman laser
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LORAL. Noise in A Two-Level Detector

Y = n, + 0, + ()
44, cB.
| 1 =Py = Gyr
G, - ’ g
* v.B 1 .2 9
] R ’ o 4 [ ]
Pt = R + Pu + 5p(D)
nft) = (Y
g-r Theorem (Burgess, 1954).
ofty = %[ﬁ"’ﬁnlf
np, = ' (Eg,M)
1. 1
“alngs sl T
o forn, >> p,
A e |

LWIR PC HgCdTe Sensitivity
vs Temperature

0o

I~ 9 07

Qy = 210" phvontg
No 1A noise

o Poia = 02mW

Vaw = 053100V

| I8 | ! { !

_3

2 13 14 15 16 17 19 19
CUTOFF WAVELENGTH (um)
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LORAL | WIRPC HgCdTe Status

indvared & bnagirg Syvtams

¢ Transit-limited response times of 0.5 xsec
* Photoconductive gain = 200
¢ DC blas power = 0.1-0.3 mW

¢ 60-180 element linear arrays in full production (capacity: 4,00 units/month):

T=77K
ANew = 11.8 um :
= 13.0 um :
D, = 6 x 10*- 1.4 x 10" cm-Hz'*/W (BLIP for Q, = 0.3 - 1 x 10" ph/cm*-g)
1/ noise knee frequencies less than 50 - 100 Mz
Area = 50 um x 50 um
¢ DME bulk-grown Hg,.Cd,Te material:
x - uniformity: Ax = + 0.0005 — AX,, (77 K, 12.5 um) = + 0.1 um
Electrical purity: 1 x 10* cm?*
¢ Pussivation by anodic oxide surface accumulation:

Surface recombination velocity < 500 cm/s
Shunt resistance = 70 /0

Generalized Backside-llluminated
HgCdTe Focal Plane Array

CMOS SLICON
MULTIPLEXER CHIP
WITH N x M UNIT CELLS
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The Photon Detection Process in
. LWIR Focal Plane Arrays

ndvared & naging Systans

1. Photoexcitation of electrons or electron-hole pairs

2. Transport and recombination of photoexcited carriers: .
drift, diffusion, charge separation

3. Interaction with the external "input” circuit

4. Signal conditioning within each unit cell:
amplification, integration, filtering, sampling

5. Muitiplexing
6. Signal processing with uncooled electronics off the focal

plane:
nonuniformity compensation, sub-frame integration

Detector Requirements for LWIR
Focal Plane Arrays

1. Cutoff Wavelength: Today: 10.5 - 12.0 um
" Desired: out to 18 um (e.g., AIRS)
2. Operating Temperature: 60-80 K (always as high as possibie)
3. Detectivity: Usualty BLIP: 1E11 cm-Hz1/2/W
4. impedance: 2'&2‘ 10 to 20 times larger than for
5. Quantum Efficiency: »>70%
6. Active Area: 35 um x 35 um to 100 pm x 100 um
7. 1/ Noise: : Critical for staring FPAs (BW=0.1 -
10 Hz)

8. Uniformity: :

cutoff wavelength: 10.1-02um

quantum efficiency: 1+ 10%

Impedance: depends on input circuit design
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LORAL Detector Requirements for LWIR
e Focal Plane Arrays (Continued)

9. Bias Voitage: -10 mV to -40 mV for direct injection

01 0.5 mV with active offset control
10. Crosstalk: <2-3% ‘
11. Fill Factor: > 80% for staring FPAs
12, !;ln'udty: , +2%
13. Dynamic Range: 1E4-1ES
14. Frequency Response: ' Not an issue
15. Environmental Stability: Thermal cycling; shock; vibeation

16. Radiation Hardness: Total dose; various particles

Simplified Input Coupling
Model for \{ybrid FPA

SACKOROUND JOHRSON "yt
T Tq
e _ G\, A 4kT )
0—9—.4"1;:(2q=n¢A L m)
e, = amplifier (or input gate) noise
voitage
A = detector area
R = detector zero bias resistance

(Assumes coupling efficiency =~ 1.0)
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Key Focal Plane *I
Requirements for AIRS Instrument RS

FPA SENSITIVITY REQUIREMENTS * Configuration
- Muttipie lineer arrays

' T T T 1 - 8 SWIR Bands: 3.4 10 8.0 xm

: SCENE TEMP = 250K - 8 LWIR Bands: 8.0 to 15.4 xm (17.0 xm Goal)

neATRoR o Pixel Size: 200 um x 100 um '

) o Total Pixel Count: 3950 ,

ol Lohoi o) « Background Flux Denelty: <2E15 phicms (LWIR)
\ o Minimum Openating Temp: 60 K

1 * Thermal Hest Losd < 50U mW

™ s Outages <2%

= - * Reliability =0.99 at 5 years

wior \ o Totsl Dose < 2E4 rads (S1)

.”‘7
o

(cm-Hz*1/2/W)
'0
e
%

[ 13

¢ Technology Cutoff: 1992 1st instrument

FPA
REQ'D ,/’

10'
2 4 6 8 1012 14 16 18

WAVELENGTH (M)

REQUIRED R,A PRODUCTS
FOR AIRS PV DETECTORS

L

T 7T
(-]

v rrvm

RA (o e

T T T iF l

o—g 90
o=

LS A J ?
[ et

Ty I""l
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LORAL, P-N Junction Formation in HgCdTe
n
1968 Hg-Ditfused n"-on-p —— /
¢ Hg-vacancy acceptors Yrrvsensenss /
1975 lon-implanted n*-on-p (n +-n‘-on-;:»)) P (
¢ implant damage
* native & foreign acceptors
1982 LPE grown heterojunctions
¢ N-on-p
¢ P-on-n
1987 Acceptor-diffused p-on-n ( Pevevrrrvrvoann. r—-CAP
o diffusion sources: n Je— ABSORBER
lon implant \ % ‘
Hg.w'ut]on ’ SUBSTRATE
1990 MOCVD grown heterojunctions ,

BACKSIDE-ILLUMINATED P-on-n LPE HgCdTe
HETERQJUNCTION PHOTODIODES

AR COATING

PASSIVATION
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LORAL  VLWIR P-on-n LPE HgCdTe Heterojunction
’ Film Grown at Loral

VLWIR P-on-n LPE HgCdTe Heterojunction

Film Grown at Loral

N
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T-00K
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LORAL. Dark Current Mechanisms in LWIR
o HgCdTe p-n Junction Phoiodiodes !

I. INTRINSIC MECHANISMS
¢ Diffusion Current (Thermaily Generated Current)

- n-side
- p-side

* Band-to-Band Tunneling current (Zener Tunneling)
- Can be eliminated near zero bias by low doping

li. DEFECT-MEDIATED MECHANISMS
¢ Generation-Recombination (g-r) current
¢ Trap-Assisted Tunneling Current
» Defects may be at surface or within buik

Dark Current Mechanisms in ;
HoCdTe p-n Junction Photodiodes

'
he '
B
d HgCdTe
R
W RA
—_ e
T
P-on-n Heterojunciion
DIFFUSION CURRENT: G-R CURRENT:
AL e g d ey
RA kTa,7 LW Vu 7
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LWIR LPE P-on-n HgCdTe
% Photodiodes Grown at Loral

1000 ¢ N-SIOE DIFFUSION CURRENT]
= AUGER-1 LIFETIME
3 Np=2x10t5emd
-T = 80K T=60K
100 — 4
E T~ D) = 121012 ez V2 W
" Tr00K
E 10—
s - D; Limited by thermal noise:
3 = ‘oA oA
s Di=he MV kT
A
i o stx10t emie?w T
T=80K
a1 E— LORAL P-on-n PV HgCdTe
a 0T=70K
: 01-80K
-
S I U B I S
0.01‘ 10 12 14 16 i8 2 2
CUTOFF WAVELENGTH (um)
Bilinear Array ER02C2
10.58 ymat 72 K
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= 3
[ ) ‘ -
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LORAL. - Trends in HgCdTe Materials Growth

1. LOWER GROWTH TEMPERATURE AND LAYERED GROWTI"I,:

Temperature Tochnlquo |
700°C Bulk crystal growt '
¢ Solid state recrystallluﬁon
s Honeywell’'s DME
¢ Traveling heater method

400°C - 500°C Liquid Phase Epitaxy
e Te-Rich
* Hg-Rich
150°C - 300°C MOCVD
120°C - 195°C MBE
2. FOREIGN SUBSTRATES:

CdTe — CdTeSe — Sapphire — GaAs — GaAs on S|
CdZnTe

Conclusions

1. HgCdTe has nearly ideal semiconductor properties for LWIR dotectbn

2. Alioy composition uniformity of today’s bulk-grown and LPE HgCdTe b
more than adequate

3. LWIR HgCdTe P-on-n LPE heterojunction photodiode performance is at the
limit set by n-side diffusion current for Auger-1 lifetime for T > 76 K

4. Continued development of HgCdTe material and device technology wiil:

a. Improve perfonmnca
« Reduced leakage current and 1/f noise

« Longer cutoff wavelongths

b. Increase producibiiity: '
« Low-cost large-area substrates
« Improved screening techniques for material and arrays

¢. Enable in situ VPE growth of advanced device structures:
« p-n homojunctions and heterojunctions

« Wide-gap passivation
o Low-resistivity contact layers

7
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LWIR HgCdTe - INNOVATIVE DETECTORS
IN AN INCUMBENT TECHNOLOGY

W. E. TENNANT

Rockwell International
Science Center
Thousand Oaks, California

ABSTRACT

HgCdTe is the current material of choice for high performance imagers
operating at relatively high temperatures. Its lack of technological maturity
compared with silicon and wide-band gap llI-vV compounds is more than offset
by its outstanding IR sensitivity and by the relatively benign effect of its materials
defects. This latter property has allowed non-equilibrium growth techniques
(MOCVD and MBE) to produce device quality LWIR HgCdTe even on common
substrates iike GaAs and GaAs/Si. Detector performance in these exotic
materials structures is comparable in many ways with devices in equilibrium-
grown material. Lifetimes are similar. RoA values at 77K as high as several
hundred have been seen in HgCdTe/GaAs/Si with 9.5 um cut-off wavelength.
HgCdTe/GaAs layers with ~15 um cut-oft wavelengths have given average 77K
RoAs of >2. Hybrid focal plane arrays have been evaluated with excellent
operability. '
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LWIR HgCdTe - INNOVATIVE DETECTORS IN
AN INCUMBENT TECHNOLOGY

WILLIAM E. TENNANT

APRIL 24, 1990

LK

Rockwell International

Science Center
1049 Camino Dos Rios
Thousand QOaks, CA 91360

OVERVIEW

.'O PACE BACKGROUND AND MATERIALS
O TEST DIODE PERFORMANCE AND TECHOLOLGY LIMITS

O PRELIMINARY LWIR ARRAY DATA
O DIRECTIONS AND CONCLUSIONS

‘l‘ Rockwell International

Science Center
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DEFINITIONS

+ CONVENTIONAL TECHNOLOGY

-- MCT GROWN BY LIQUID PHASE EPITAXY ON CdTe OR SIMILAR
COMPOUND

+ PACE (PRrooucCiBLE ALTERNATIVE TO CdTe FOR EPITAXY)
.- ROCKWELL APPROACH TO OVERCOME MCT PRODUCIBILITY ISSUES

- PACE-1: MCT GROWN BY LIQUID PHASE EPITAXY ON VAPOR
PHASE EPITAXIAL CdTe/SAPPHIRE ~ SUITABLE FOR SWIR (1-3
MICRONS) AND MWIR (3-5+) MICRONS

.- PACE-2: MCT GROWN BY VAPOR PHASE EPITAXY ON GaAs (OR
EVENTUALLY SI) -~ SUITABLE FOR ALL IR WAVELENGTHS

PACE-2 HAS BETTER COMPOSITIONAL
UNIFORMITY THAN LPE

= —

- 3" DIA GaAs WAFER

mex 22 = 3.3%, max .‘33: = 29% OVER 3" DIA
X

max ‘;—" = 2.2%, max %‘1 = 17% OVER 2" DIA

0.288
6.2

0.273°
7.4

0.270 0.267
1.2 6.4

0.272
7.2

0.267 LEGEND
6.4 * - COMPOSITION, X VALUE
— THICKNESS, y.m -

— CRYSTALLINITY, ARC-SEC

0.271
5.8

’b Rockwell International

Science Conter
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LWIR TACTICAL MCT DETECTOR

PERFORMANCE

D* (cm Hz%/w)

(ASSUMING A, =8um, QE=0.5)

5x1012

(4]

-

o
-
b

5x1010

5x 10°

e

D* (ASSUMING A, = 15um, QE=1.0)

-
ACE
B 8 o7 1
(o] f
J nl 1 1 1 1 ,1.8x101°
8 9 10 11 12 13 14 15

Ag (um)

‘l Rockwell International
c

Science Center
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n+/p TEST DIODES IN HgCdTe/GaAs (PACE-2)

NUMBER OF DETECTORS

Al | J

b e 7 -
Ac: 10.05-10.15um /

3r | % / T

i e

- w

[ Ba | ]

RoA Q-cm2

MTD DATA FOR 3-623 BASELINE LAYER
n ON:) DEVICES, ION IMPLANTED

NUMBER OF DETECTORS

RoA = 7.97 0-cm?
BEST DIODE

!

T=77K

Ae = 10.42um

Il | 1 i

4 (=1 L B e e AL e 100
DIODES = 7
MEDIAN =~ 3.59 W go|-
3+ T =77 g - §
A\. = 10.4-10.8um
¢ »n 601
&
2 ]
= 40
G
' g
a 201
o] / e d [+) | |
10-1 101 102
2, .
RyA (-em€)
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LWIR HgCdTe/Pace-2 p/n Devices Show Higher
Performance Than LPE Devices

211387

T=77K

. T=77K
LR A= 908 Q em2
bVog 3.0V

o B3 8 8
T

Ae=10.1um

Kx 10 - 9 amp)
aloBoul

S

o
o

SPECTAL RESPONSE SPECTAL RESPONSE

A

T= 77K
LRsA= 177 Q cm2

Yog m4.5v

Ae=10.7 um

Kx 310 -8 amp)

&

] | 1.0

vo B8 8 8 8 3
1

10 4.60 7.10 9.60
MICRONS

+ ARSENIC IMPLANATATION
* OMVPE HgCdTe ON GaAs

1210

0.20-0.15-0.1 -0.05 O 0.05 0.10 0.15 0.20
va(v)

RECENT p ON n MTD PERFORMANCE
CONFIRM EARLIER RESULTS

—A-RSENIC IMPLANT/DIFFUSION IN DOUBLE LAYER HETEROSTRUCTURE

NUMBER OF DETECTORS

3-576 GaAs 3.-579 GeAs/SI
4 —T— T T T T 4T T T T T T
MEAN : 122 . ® MEAN : 150
MEDIAN : $5.5 & MEDIAN : 4
3 pooes: -1 = 3 opiooes:o
g :9.48-9.83m Q 1,:9.51-9.81m
T:K ] T:77K
a
W
o
«
W
@
=
=]
z

2
RyA (Q-cm*)

BEST DIODE '
RoA = 308 R-cm?

| AT 9.48um

BEST DIODE
RoA = 544 Q.cm2
AT 9.73um

¢ n ON p DIODES HAVE BETTER UNIFORMITY

Rockwell International

Science Center
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EXCELLENT DIODE PERFORMANCE IN VLWIR
‘ MOCVD MCT/GaAs p ON n DIODES

e — —
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LIFETIMES IN SOME VACANCY DOPED PACE-2

APPROXIMATE THEORY
__ 1000 c
T - Radiave
1 T
100 L
g e
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_5 [ \\ Experimental
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x = 0.226
Na = 3.7E16 cm-3
1 .  — i | I I ]
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1000/T (1/K)
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SHOW THEORETICAL LIFETIMES
10020
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N
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Performance of an LWIR MCT/GaAs Array at 50K
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VLWIR I-V'Characteristics for MOCVD Grown

MCT/GaAs Detector
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Temperature Dependence of the RgA Product of a
P/N Diode Fabricated from PACE-2 Material
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SAMPLE DIODES FROM PACE Il 128 x 128 WAFER
(ROCKWELL IR&D)

CURRENT (108 4

RELATIVE RESPONSE
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CONCLUSIONS

MCT HAS DEMONSTRATED THE HIGHEST PERFORMANCE OF ANY
INTRINSIC AT ALL IR WAVELENGTHS

NOVEL, ALTERNATIVE-SUBSTRATE, VPE APPROACHES CAN MEET
PROGRAM GOALS WHILE ENHANCING PRODUCIBILITY AND MAKING
POSSIBLE ADVANCED ARCHITECTURES

THE PRESENT LIMITATIONS OF THE TECHNOLOGY ARE NOT
FUNDAMENTAL BUT DUE TO IMMATURITY

WE EXPECT LWIR/PACE-2 (GaAs)OR 3 (Si) TO FOLLOW A SIMILAR PATH
TO PRODUCIBILITY AS THAT OF MWIR PACE-1 WHICH HAS RESULTED IN
THE LARGEST (256X256) INSTRINSIC IR FPA TO DATE

* Rockwedl international

Science Center
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HgCdTe for NASA Eos Missions and Detector Uniformity Benchmarks .‘.

Paul R. Norton
Santa Barbara Research Center
Goleta, CA 93117 .

Important NASA Eos missions (AIRS and MODIS-N) which require
detector spectral response in the range of 14 to 17 Um at medium
background flux levels and operation in the range of temperatures
between 65 to 95 K will be flown beginning in the next few years,
Currently, a prime candidate detector technology for these missions is
trapping-mode photoconductive HgCdTe devices. These devices can be
tailored to the exact cutoff wavelengths required by those missions, and
thus offer the performance advantages of an intrinsic detector which is
ideally matched to the mission wavelength.

Under the long wavelength-background-temperature conditions of
these Eos missions, any detector will at best be thermal generation- o
recombination noise limited. Photoconductive devices are generally ‘
preferred under these circumstances, since at elevated temperatures their
performance degrades with nj while for photovoltaic detectors

performance degrades as ni2 (nj is the intrinsic carrier concentration )
which is a function of ailoy composition and temperature, but not doping). . /

Very high performance trapping-mode photoconductive HgCdTe
detectors have been developed which can be reproducibly fabricated.
Detectivity (D*) at 80K and 16 pum cutoff wavelength in excess of 1011
Jones has been measured for these devices. Power dissipation is at least .
two orders of magnitude less than conventional HgCdTe photoconductors - . /
on the order of 0.12 W/cm2 compared with 12 W/cm2,

Eos missions define thermal noise limited conditions for the long /
wavelength operating bands.  Trapping-mode photoconductive HgCdTe '
detectors are linear under such conditions and responsivity is independent T~
of background flux. At lower temperatures or high flux conditions in
which background flux limits - detector performance, trapping-mode
detectors have a responsivity which varies with background flux. Internal

93
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calibratiof must be provided for radiometric measurements under the
fatter conditions (not an Eos mission concern).

Liquid phase epitaxy is used to grow these HgCdTe device structures.
This technique has been shown to give control of the cutoff wavelength on
the order of 161 pm or less, both from run to run and across wafer
dimensions of several .centimeters on a side. Responsivity uniformity of
linear arrays (300 elements with areas of .2.5x10°3 cm? and 100 um
_center-to-center spacings) of trapping-mode detectors with 12 pm cutoff
have shown typcal uniformities of 5.10% one-sigma standard deviation
measured at 80 K and 5x1016 photons/cm?/sec background flux.
Measurements of PV detector responsivity uniformity shows that
uniformity scales as 1/NA and can be attributed to +1mm variations in
detector area. Thus, larger area HgCdTe detectors are anticipated to be
more uniform.
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nm-3
HgCdTe for NASA Eos Missions and Detector Uniformity Benchmarks
P. R. Norton, Santa Barbara Research Center

Hard copies of visuals not available for publication due to
_ITAR restrictions.
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SESSION III: Device Design and Evaluation Issues

II-1 Detector Array Evaluation and Figures of Merit
E.L. Dereniak, University of Arizona

-2 Issues and Directions in IR Detector Readout Electronics
' ER. Fossum, Columbia University

IMI-3 Radiation Response Issues for Infrared Detectors
A.H. Kalma, Mission Research Corporation
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Detector Array Evaluation : "
and
Figures of Merit

Eustace L. Dereniak
Optical Sciences Center
University of Arizona

This presentation will review the commonly used methods to evaluate the
performance of a two-dimensional focal-plane array using charge transfer
devices. Two figures of merit that attempt to combine quantum efficiency,
read noise and dark-current generation into a single parameter are
discussed. The figures of merit are suggested as possible alternatives to
the D*.

9
PRECEDING PAGE BLANK NOT FILMED

Ea




DETECTOR ARRAY EVALUATION
AND
FIGURES OF MERIT
STATE OF CONFUSION
o WHAT WE GET FROM MANUFACTURER
0 WHAT WE WANT

o WHAT WE TEST FOR

EUSTACE L DERENIAK
OPTICAL SCIENCES CENTER
UNIVERSITY OF ARIZONA

(602) 621-1019

GENERIC PARAMETERS
QUOTED FROM MANUFACTURER

0 SIZE AND # OF PIXELS

o D*

o D* HISTOGRAM |

0 READ NOISE HISTOGRAM

0 DARK CURRENT HISTOGRAM
0 SATURATION LEVEL

0 RESPONSIVITY MAP
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D* PROBLEMS

SMALL AREA DETECTORS (D* = CONSTANT)
SPATIAL VARIATIONS ACROSS ARRAY

RADIANT "POWER" DEPENDENT FOR
PHOTODETECTOR

D*(f) - NO 1/f CHARACTERISTIC (Le., 0.5 H2)
SPECIFICATION OF CHOPPER FREQ.

WAVELENGTH SPECIFICATION

PARAMETERS WANTED BY USER

SPATIAL AVERAGED QUANTUM EFF. vs WAVELENGTH
CONVERSION GAIN

SPATIAL AVERAGED DARK CURRENT vs INTEGRATION

TIME FOR OPERATING TEMPERATURE
READ NOISE

DEFECTIVE PIXEL MAP

DYNAMIC RANGE

CROSSTALK

FILL FACTOR (DETECTOR AREA) .
SATURATION LEVEL
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TEST/DATA COLLECTED

MEAN VARIANCE CURVE - 0

DARK CURRENT GENERATION - Dg

SIGNAL MEASURE FOR Q.E. OVER SPECTRAL BAND - ¥
EFFECTIVE DETECTORAREA - Ad |

PLOT SPATIAL MAPS OF: e
. DARK CURRENT
- QUANTUM EFFICIENCY
. DEAD PIXELS | L
A
MEAN - VARIANCE CURVE
PLOT OF VARIANCE (NOISE’ ) VERSUS -
THE MEAN IRRADIANCE (FLAT FIELD) ACROSS ARRAY )
v
a
r
i \//
a Stope (conversion gain)
n |[®~read noise- ¢2
c
e Mean Output Signal (E,nA47]
02 = 0% + E nA4T (electrons) -
COMPUTER PROCESSING
Ep;onu (ANALOG - DIGITAL UNITS IlN COMPUTER) e
SO UNITS CAN BE RELATED BETWEEN ADU'S AND

FLAT FIELL IRRADIANCE. .-
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MEAN - VARIANCE IN PRACTICE

o TWO WAYS TO CHANGE MEAN IRRADIANCE ON ARRAY
< VARY INTEGRATION TIME

- VARY BLACKBODY TEMPERATURE, OR RANGE

[NOT NECESSARILY EQUIVALENT]

IMPORTANCE OF DARK CURRENT

WILL PHOTONS BE DETECTED IN INTEGRATION TIME,
OR WILL DARK GENERATED ELECTRONS DOMINATE
FOR PARTICULAR APPLICATION?
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DARK CURRENT TESTS

(K] -]

hod

e | P’1

FOR VARIOUS INTEGRATION TIMES; ONE
TAKES SEVERAL (i.e. 25) FRAMES OF DATA;

A.

T2 | ms (SHORTEST POSSIBLE)

P—ij - -215- ‘ZPH-(K) ; K is Time Index

7> | ms

(REPEAT)
FIND THE DARK FRAME VALUE FOR

SEVERAL INTEGRATION TIMES
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DARK FRAME ANALYSIS

o0 LOCATE A WELL BEHAVED REGION
o READ NOISE VALUE IS FOUND

o

o

@ SHORT INTEGRATION TIMES

DARK CURRENT GENERATION RATE
Dg (# OF e /SEC-PIXEL)

INCLUDES OTHER SOURCES

LIGHT LEAKS

"SELF-EMISSION" OF ELECTRICAL COMPONENTS
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FIGURES OF MERIT

IR SENSOR |
SCANNER SYSTEM STARING
NETD (LLoyd) HI BACKGROUND LOW BACKGROUND
MRT (LLoyd)
*NETD NE! (Kohn)
MRT
M (Birtley)

*CSNR (Mooney)

SINGLE DETECTOR ARRAY ‘ ARRAY
D* *2-D* DQE
D** (Nudelman/Shav)
¢, = read
D, = dark
1= QE

U « noouniformity

ARRAY TESTING AND FIGURE OF MERIT ARE APPLICATION DEPENDENT
* RELATED
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NON-UNIFORMITY DEFINITION

r.m.s. SPATIAL VARIATION IN ARRAY OUTPUT
SPATIALLY AVERAGED ARRAY OUTPUT

U(Ep) =

.
®)
SPATIAL AVERAGE
LI
— | _
@)'TFEIZ%
i
SPATIAL VARIANCE
] - -
ey L
1)

U (Ep) CAN BE IMPROVED THROUGH USE OF A
NON-UNIFORMITY CORRECTOR

(<]

o U (Ep) IS TYPICALLY REDUCED TO ZERO AT SYSTEM
CALIBRATION POINTS.

ARRAY FIGURE OF MERIT
2-D* IS A D* PLUS THE RANDOM CONTRIBUTION OF
NON-UNIFORMITY, READ NOISE, AND DARK CURRENT

o A MODIFIED D* CALLED 2-D* MAY BE USED IN LLOYDS NETD
EXPRESSION TO YIELD CSNR

(]

2-D - 2 1
he /S 3 Dy
2|E, + A"'+E'A¢wU’4 yor
o PHOTON SHOT NOISE - Ep
o READ NOISE - C
0 SPATIAL PATTERN - u
0 DARK CURRENT GENERATION (ZERO) - Dg
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HIGH BACKGROUND
CONTRAST SIGNAL-TO-NOISE RATIO
‘ (CSNR)

CSNR =

SE, nA47)/aT .
[EgnAqT + 0.2 + E 22A2U*]2 -

PHOTON IRRADIANCE (P/s-cm®)
QUANTUM EFF.

PIXEL AREA

INTEGRATION TIME

READ NOISE

RMS NON-UNIFORMITY
TEMPERATURE

-y

-“1C 8 P
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CSNR vs BACKGROUND TEMPERATURE
. FOR
VARIOUS AMOUNTS OF RESIDUAL NON-UNIFORMITY

Background Temp.

a. NO NON-UNIFORMITY; CSNR = 1/NETD
b. u=1%
c. >b

d >c¢

UNIFORMITY CORRECTION IS LIMITED BY
QUANTIZATION NOISE OF A/D CONVERTER
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ARRAY TESTING IS APPLICATION DEPENDENT
THEREFORE, FIGURES OF MERITS VARY

s £ o g g i WPt 2

o HIGH BACKGROUND SENSOR SYSTEM
NETD - NOISE EQUIV. TEMP. DIFFERENCE
MRT - MINIMUM RESOLVABLE TEMPERATURE
CSNR - CONTRAST SIGNAL-TO-NOISE RATIO

o LOW BACKGROUND SENSOR SYSTEM

NEl - NOISE EQUIV. IRRADIANCE [PHOTONS/SEC-CMZ]

DQE - DETECTIVE QUANTUM EFFICIENCY -
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Detective Quantum Efficiency - DQE (single detector)

- e . P N - >
; -
. - - - pap——
e . - . v _,.-\' °
N - , . e .

(/NP

DQE = S

~itf BLIP; 9

Apply to a 2-dimensional array

(S/N)m = < EpAdT

(S/N) - EpAgmn
T [ Aqr + 0+ (E AgmTU) + D)2
) ) t t
shot read uniformity dark
generation
| 2-Dimensional DQE
(S/N)? 1

2‘DQE = ———?ﬁ -
. EpAdrfT . Ep d .

iff is large enough to produce shot noise,
or U, o,, and D, are small,
DQE is equal to quantum efficiency.
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SAMPLE CALCULATION

7«06
Neag = 10°
Aq = (50 umP
7 = 0.001 sec
g, = 30 ¢
D‘-l&ﬁunphd

U « 0.005

2 - DQE = /(g + 27107 |, g 6250107

l.

E,

L1108
+ Ep )

Y

e 2 A A o TN

Background Flux
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Mmoo

Mmoo

. l:. I . - . R .. ' .”
</ = .001sec
~' g\”\ ) = (s0xm)?
/.-’ ,-'~’ 7 100 ¢ rma Dg = 106 [sec-pixel
i J : /.-M o rms
8 . @ A ‘(/ "i -"L e A A
[@ee? Background Flux 45130
NON-UNIFORMITY INFLUENCE
1.8
Performance Refcrence: © ; Read Nolse = 0 " rms
[ : ( Uniformity = 0
r Read Noise @ 2S¢ rms;
o ”- . Uniformity Variation @
.5t ,,’\ \"\." ™, 5% rme
’ - .'\. X \ 05% rme \
’_~’ _' \ﬁ_—-——-*“"" Uniformity
_ \.;,/ "\.,\ \'-\" 3
0.9 L ("/. . 1 4 '~ ~ \"\r_
1ee? Background rlux Leet?
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WHERE DOES SPATIAL NON-UNIFORMITY COME FROM

© VARIATIONS IN DARK CURRENT DENSITY ‘e
o VARIATIONS IN DETECTOR ACTIVE AREA |
o VARIATIONS IN THE ABSOLUTE VALUE, OR IN SOME

CASES, VARIATIONS IN THE SPECTRAL SHAPE, OF THE

QUANTUM EFFICIENCY CURVE.

o VARIATIONS IN THE DETECTOR-TO-DETECTOR
NON-LINEARITY OF RESPONSE

0 VARIATIONS IN THE 1/f NOISE ASSOCIATED WITH EACH
DETECTOR OR OTHER UNIT-CELL ELECTRONICS.

FLAT FIELD CALIBRATION EFFECTS

1.9 . -

Performence Reference: Roed Nolse = 0
Uniformity = 0 Resd Nolse @ 28¢° rme; -

e~ Uniformity Varietion @
a.5 i 7 ] ! \ . R
: / :M oo%
¥ TR

A A A
s AN N T W
8.9 R T e S

1ee? Background Flux 10E17?

Mmoo N

N\

: :
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DARK CURRENT EFFECTS
2 - DQE = 1
) 1, 217 0D
et 5 1.1(10°)D,
l . 8
Read Noles = 10e” rme u - 0; unformity
| Dark Rste = 10w /sec-pixel
2 Ep = 107 p/sac-ce®
D e' 5 L /../ ,,,,,,,,,, '/../,.—;m‘ y - O.J
a s e Resd Nolse = 50¢™ rms
£ va N —— =\ Derk Rste = 100 /sec-pixel
l" /I ,,./ Derk
/." Roed /, g
Read ./'. ,:é“ \{ Read Nolee = 30¢ rme
p.2 e _..._{"’ L L Dark Rate = 100e/sec-pixel
@81  Integ. Time, Sec 1000Q |

DARK CURRENT SIMPLY LIMITS THE
MAXIMUM DETECTIVE QUANTUM EFFICIENCY

o GOOD (1) DQE REQUIRES "LOW" READ NOISE AND “LOW"
DARK CURRENT ‘
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CONCLUSIONS

TESTS ON ARRAYS

o M.EAN VARIANCE

o  DARK CURRENT GEN'ERATION FRAMES

0o SIGNAL MEASUREMENTS FOR Q.E. VALUES
o EFFECTIVE DETECTOR AREA

FIGURES OF MERITS FOR FPA

0  2-D* (CSNR - CONTRAST SIGNAL TO NOISE) RATIO
- ¢. GOOD FOR HIGH BACKGROUNDS AND
CALIBRATION ONCE AN HOUR
o DQE (DETECTIVE QUANTUM EFFICIENCY)
- GOOD FOR LOW BACKGROUNDS
- COMBINES READ NOISE, DARK CURRENT,

QUANTUM EFFICIENCY AND NON-UNIFORMITY
INTO ONE PARAMETER
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ISSUES AND DIRECTIONS IN IR DETECTOR
READOUT ELECTRONICS

Eric R. Fossum
Department of Electrical Engineering
Columbia University
New York, NY 10027

Abstract

An introduction to the major issues encountered in the read out of
imaging detector arrays in the infrared will be presented. These
include circuit issues such as multiplexing, buffering, and noise, as
well as materials issues.

Future directions in infrared readout electronics will also be
discussed. These include on-chip signal processing and advanced
hybridization schemss. Finally, recent work at Columbia on 2DEG-CCDs
for IR detector multiplexing will be described.
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Issues in FPA Readout Electronics

Eric R. Fossum
Dept. of Electrical Engineering
Columbia University
NY NY 10027

OUtline

Present Imager Readout Architectures

Special Problems in LWIR Readout
GaAs CCD Readout
On—chip Signal Process